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The  electrolytic  treatment  of  tumours  has  been  much 
practised  in  the  interval  between  the  appearance  of  the 
second  and  third  editions  ;  and  although  this  particular 
branch  of  our  subject  appears  to  fee  still  in  its  infancy,  yet 
indications  are  not  wanting  that  it  will  soon  occupy  a  far 
more  important  place  in  therapeutics  than  many  eminent 
surgeons  were  willing  to  believe,  when  I  first  suggested  this 
plan  of  treatment  six  years  ago. 

A  large  number  of  new  illustrations  has  been  added,  which 
it  is  hoped  will  render  the  text  easier  of  comprehension. 

The  labour  entailed  upon  me  by  the  preparation  of  the 
present  edition  has  been  far  greater  than  that  which  was 
required  for  the  last :  the  literature  on  the  subject,  both  in 
Europe  and  America,  having  increased  so  largely  that  an 
unusual  amount  of  oftentimes  weary  reading  had  to  be  gone 
through.  If  my  criticism  of  the  opinions  of  others  should 
occasionally  appear  severe,  it  should  be  remembered  that  it 
is  not  always  possible  to  separate  the  wheat  from  the  chaff 
without  a  little  rough  handling. 

18  Betanstok  Street,  Poetman  Squaee: 
8q>tc7nbcr  1873. 


PREFACE 


THE      SECOND      EDITION. 


In  looking  back  to  the  time  when  the  first  edition  of  this 
work  appeared,  I  cannot  help  feeling  considerable  satisfaction 
at  the  progress  which  the  subject  treated  of  in  this  volume 
has  made  since  then,  both  scientifically  and  professionally. 
Ten  years  ago  medical  luen  held  galvanism  in  very  low  esti- 
mation ;  reports  of  cures  by  electricity  were  received  with  an 
incredulous  smile ;  there  was  only  one  hospital — Gruy's — 
where  electricity  was  regularly  used ;  and  there  it  was  ap- 
plied in  an  antiquated  fashion,  and  its  use  relegated  to  nurses 
or  dressers.  At  the  present  time  not  a  few  hospitals  possess 
the  necessary  electrical  apparatus ;  able  teachers  are  instruct- 
ing students  in  its  scientific  application ;  and  the  first  medi- 
cal society  in  the  kingdom  has  appointed  a  committee,  com- 
posed of  some  of  the  most  eminent  members  of  the  profession, 
for  investigating  the  therapeutical  use  of  electricity.  This 
is  a  great  change ;  but  quite  as  great  is  the  change  which 
has  come  over  the  scientific  aspect  of  the  subject.  The 
physiological  action  of  the  different  forms  of  electricity  has 
been  much  more  thoroughly  studied  than  it  ever  was  before  ; 
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their  place  in  therapeutics  has  not  only  become  better 
defined,  but  also  considerably  enlarged,  and  rests  on  a  firmer 
basis ;  and  the  special  indications  fi^r  the  use  of  the  several 
agents  which  are  comprehended  imder  the  name  of  electricity 
and  galvanism  are  much  better  understood.  All  this  must 
of  necessity  be  a  source  of  gratification  to  those  who  have 
held  fast  to  the  remedy  in  evil  times ;  but  just  as  great  and 
well-founded  is  their  hope  that  the  sphere  of  practical  use- 
fulness of  this  still  mysterious  power  may  in  future  even  be 
further  extended  than  it  is  at  present.  Where  scarcely  a 
month  passes  without  an  accumulation  of  new  facts  showing 
the  beneficial  results  which  may  be  obtained  from  a  judicious 
use  of  electricity  in  various  disorders — and  not  uncommonly 
just  in  those  which  are  not  amenable  to  other  remedies, 
such  as  progressive  muscular  atrophy,  and  epileptiform 
neuralgia — we  may  well  cherish  the  hope  that,  as  time 
advances,  and  our  knowledge  of  the  agent  becomes  more 
intimate,  further  improvements  in  the  mode  of  using  it  may 
be  made,  and  further  indications  for  its  therapeutical  appli- 
cation may  be  discovered. 

The  present  edition  of  this  work  is  considerably  enlarged ; 
its  therapeutical  part  has  been  almost  entirely  re-written, 
owing  to  the  accumulation  of  evidence  showing  the  striking- 
remedial  effects  of  the  continuous  galvanic  current,  of  which 
only  little  was  known  when  the  first  edition  appeared. 

Another  change  in  the  book  has  been  the  introduction  of 
a  number  of  illustrations,  which,  it  is  hoped,  will  greatly 
contribute  to  a  better  comprehension  of  the  text.  For  the 
loan  of  some  of  them  I  am  obliged  to  Professor  Benedict,  of 
Vienna  (figs.  9,   10,  43,  46,  47);  M.  Gaiffe,  of  Paris  (figs. 
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49-52,  55);  Dr.  Morell  Mackenzie  (fig.  57);  Dr.  Meyer,  of 
Berlin  (figs.  24,  25,  29) ;  Professor  Schwanda,  of  Vienna 
(figs.  1-8),  and  M.  Tripier,  of  Paris,  author  of  the  '  Manuel 
d'Electrotherapie,'  Paris,  Bailliere,  1861  (figs.  11, 14-23,  30, 
42,  44,  45,  48,  53,  54,  56,  58-60,  62).  To  aU  these  gentle- 
men my  best  thanks  are  due  for  their  readiness  in  aiding  me 
to  make  this  work  more  complete  than  it  could  have  been 
otherwise.  All  the  other  illustrations  are  original,  and  have 
been  taken  from  the  instruments  introduced  and  employed 
by  myself. 

In  conclusion,  I  beg  to  express  the  hope  that  the  new 
edition  of  this  work,  upon  which  I  have  bestowed  much  time 
and  care,  under  a  heavy  pressure  of  both  private  and  hospital 
practice,  may  serve  to  advance  this  important  department  of 
medical  science. 


18  Bbtanston  Steeet,  Portman  Square: 
December  1869. 
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THE      FIEST      EDITION. 


There  aee  few  remedies  employed  in  the  treatment  of 
disease  on  the  value  of  which  the  professional  mind  is  less 
settled  than  on  that  of  galvanism.  Enthusiastic  panegyrists 
contended  fifty  years  ago,  and  contend  still,  that  it  is  a  thera- 
peutical agent  superior  to  all  hitherto  discovered,  whilst  the 
great  majority  of  the  profession  entertain  serious  doubts  as  to 
the  reality  of  the  remarkable  successes  which  are  now  and 
then  recorded  by  medical  galvanists. 

The  differences  of  opinion  about  the  therapeutical  value  of 
electricity  are  readily  to  be  understood  if  we  bear  in  mind 
that  the  mode  in  which  electricity  is  applied  has  an  all- 
important  bearing  upon  the  results.  It  is  true  that  even  by 
a  careless  employment  of  galvanism  a  few  accidental  successes 
have  been  obtained;  but  in  ninety-nine  cases  out  of  a 
hundred,  empirical  galvanists,  being  unacquainted  with  the 
physiological  effects  of  electricity,  have  been  disappointed, 
and  have  brought  the  remedy  into  undeserved  contempt. 

We  know  that,  whatever  may  be  the  properties  of  the 
nerves,  they  can  be  called  into  action  by  galvanism.    But  the 
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effects  are  widely  different  according  to  the  form  of  electri- 
city that  is  used ;  again,  the  quantity  and  intensity  of  elec- 
tricity are  both  of  great  importance ;  not  less  so  the  mode  in 
which  it  is  transmitted  to  the  human  body,  and  the  length  of 
time  during  which  its  action  is  kept  up.  In  fact,  we  are 
able,  by  merely  varying  the  modes  of  applying  electricity,  to 
arouse  or  to  kill  the  vital  power  of  the  nerves,  and  to  diminish 
or  to  increase  their  properties.  Hence  electricity  can  only  be 
expected  to  be  of  service  in  the  treatment  of  disease,  if  we 
are  guided  in  its  use  by  an  exact  knowledge  of  the  physio- 
logical effects  which  it  will  invariably  produce.  I  have, 
therefore,  been  most  anxious  to  render  the  physiological  part 
of  my  work  as  complete  and  comprehensive  as  possible. 

That  there  is  at  present  so  little  certainty  respecting  the 
physiological  and  therapeutical  effects  of  electricity,  is  in 
some  measure  due  to  the  vast  extent  of  the  field  that  is  to  be 
explored,  and  to  the  comparatively  short  time  that  has 
elapsed  since  scientific  researches  of  this  kind  have  been 
undertaken ;  also  to  the  intentional  falsehoods  that  have  been 
published,  even  in  the  present  time,  about  pretended  cures 
by  means  of  electricity ;  and  especially  to  the  small  number 
of  observers  who  have  devoted  themselves  to  the  study  of 
these  phenomena.  We  possess  a  large  amount  of  valuable 
information  and  experience  concerning  the  effects  of  internal 
remedies  upon  the  system ;  we  know  where  to  procure  and 
how  to  prepare  most  drugs ;  we  know  how  to  combine  them, 
and  in  what  cases  and  in  what  doses  to  administer  them  with 
advantage.  But  in  respect  to  electricity  we  have  no  such 
certainty.  What  form  of  electricity  should  be  used  ?  in  what 
cases  should  it  be  employed  ?  shall  we  act  indiscriminately 
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upon  the  different  tissues,  skin,  muscles,  and  nerves,  or  shall 
we  limit  the  action  of  electricity  to  each  one  singly  ?  It  is 
easy  to  understand  that  we  cannot  expect  beneficial  results 
from  the  application  of  electricity  if  it  is  appKed  by  empirical 
galvanists ;  if  the  cases  are  not  well  selected ;  if  the  apparatus 
employed  does  not  possess  those  qualities  which  are  necessary 
for  medical  use ;  if  the  dose  of  electricity  given  is  too  large 
or- too  small,  and  if,  instead  of  acting  upon  the  diseased  part 
alone,  the  whole  body,  or  part  of  the  body,  is  acted  upon. 
If,  on  the  contrary,  such  mistakes  as  the  above  are  avoided, 
electricity  will  be  found  a  most  valuable  therapeutical  agent, 
by  means  of  which  many  morbid  states  of  the  system  may  be 
relieved,  and  even  wholly  cured. 

It  no  doubt  sometimes  happens  that  in  cases  which  to  all 
appearance  are  suited  for  electric  treatment,  and  in  which  the 
agent  has  even  been  judiciously  employed,  it  nevertheless 
produces  little  or  no  benefit.  In  fact,  electricity  is  as  little 
infallible  as  any  other  remedy  we  possess.  But  nobody  will 
doubt  the  remedial  powers  of  quinine,  if  it  should  happen  to 
leave  uncured  a  few  cases  of  ague ;  and  croton-oil  will  always 
be  reckoned  amongst  our  most  eflScacious  aperients,  although 
it  does  not  invariably  relieve  constipation. 

There  is  another  important  point  upon  which  I  feel  obliged 
to  dwell :  patients  are  recommended  by  their  physicians  to 
undergo  a  course  of  galvanic  treatment  in  many  instances 
only  after  every  other  remedy  has  been  tried  without  success, 
and  when  the  disease  is  of  such  long  standing  as  to  afford  but 
little  hope  of  ultimate  recovery.  What  beneficial  results 
might  be  obtained  in  certain  affections  of  the  nervous  system, 
if  the  electric  treatment  were  resorted  to  in  an  earlier  stage 
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of  the  complaint,  may  be  conceived  from  a  perusal  of  the 
chapter  in  which  the  effects  of  faradisation  in  a  number  of 
cases  of  hysterical  aphonia  are  detailed.  I  shall  be  especially 
gratified  if  I  succeed  in  inducing  more  frequent  recourse  to 
the  electric  treatment  in  certain  forms  of  neuralgia,  which 
defy  all  other  therapeutical  treatment,  and  which  are  wonder- 
fully amenable  to  electricity. 

Finally,  I  must  allude  to  the  mistake  frequently  made  of 
employing  galvanism  alone  without  any  internal  remedies.  I 
am  quite  satisfied  that  some  affections  of  the  nervous  system 
can  be  cured  by  electricity  alone ;  but  in  the  majority  of 
cases  a  simultaneous  internal  treatment  is  of  the  greatest 
importance,  and  should  not  be  neglected  if  we  wish  to 
increase  the  chances  of  success. 

Most  of  the  cases  which  are  reported  in  this  volume  have 
been  observed  and  treated  by  me  either  in  one  of  the  Metro- 
politan Hospitals — King's  College,  St.  Mary's,  and  Samaritan 
Free  Hospital — or  in  the  private  practice  of  eminent  members 
of  the  profession,  to  whose  kindness  in  sending  me  cases  for 
the  electric  treatment  I  beg  to  tender  my  sincerest  thanks. 

March  1859. 
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MEDICAL    ELECTEICITY. 


CHAPTER   I. 
FORMS  OF  ELECTRICITY. 

In  the  present  state  of  physical  science  it  is  generally  ad- 
mitted that  all  bodies  contain  a  very  subtle  and  imponderable 
fluid  called  Natural  Electricity,  which  is  composed  of  two 
contrary  fluids,  termed  vitreous  or  positive,  and  resinous  or 
negative  electricity.  We  suppose  these  fluids  to  consist  of 
an  infinite  number  of  smallest  particles  or  molecules,  each  of 
which  possesses  attractive  and  repulsive  powers,  the  mole- 
cules of  one  attracting  those  of  the  other,  whilst  the  mole- 
cules of  the  same  fluid  repel  each  other.  While  bodies  are 
at  rest,  these  fluids  exist  in  such  proportion  that,  although 
they  do  not  destroy  each  other,  their  effect  is  counter- 
balanced ;  since  at  the  same  distance  the  attractive  power 
of  one  of  the  fluids  is  equal  to  the  repulsive  power  of  the 
other.  Natural  electricity  must  therefore  be  decomposed  in 
order  that  an  action  may  be  perceptible.  Decomposition  of 
natm'al  electricity  takes  place  as  soon  as  disturbances  of  any 
kind  are  impressed  upon  bodies,  whereby  the  equilibrium  of 
the  molecules  is  upset ;  as,  for  instance,  when  bodies  are 
subjected  to  friction,  heat,  or  chemical  action.     By  such  and 
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other  means  an  electro-motive  force  is  called  into  existence, 
which  forcibly  separates  the  two  fluids  formerly  united ; 
natural  electricity  is  decomposed  and  active  electricity 
liberated,  the  nature  and  intensity  of  which  present  certain 
differences  depending  upon  the  nature  of  tbe  body  from 
which  it  is  derived  and  upon  the  action  by  which  it  is  de- 
veloped ;  but  active  electricity,  whatever  may  be  its  source, 
is  identical  in  its  nature  ;  it  exerts  attractive  and  repulsive 
powers,  produces  heat,  light,  shocks,  magnetism,  and  may 
tear  apart  the  elements  of  chemical  compounds. 

This  theory  of  the  electric  fluid  is  not  to  be  considered 
final,  but  only  provisional.  Indications  are  not  wanting  that 
it  may  at  some  future  time  have  to  undergo  considerable 
modifications ;  yet  it  enables  us  to  classify  our  facts,  and  is 
more  in  accordance  with  the  present  state  of  our  knowledge 
than  any  other  view. 

The  principal  sources  of  electricity  are  friction,  chemical 
action,  magnetism,  and  animal  life.  These  will  be  briefly 
considered  in  the  present  chapter.  We  shall  first  take  a 
short  glance  at  static  electricity,  or  electricity  produced  by 
friction  and  inductive  action ;  then  proceed  to  examine 
dynamic  electricity,  under  which  head  are  comprehended 
galvanism,  electro-magnetism,  and  naagneto-electricity ;  and 
finally,  sketch  the  present  state  of  our  knowledge  in  animal 
electricity,  as  produced  by  the  various  processes  of  life. 

I.— STATIC    ELECTRICITY   (syn.  FRICTIONAL    OR    FRANK- 
LINIC  ELECTRICITY,  FRANIvLINISM). 

Above  two  thousand  years  ago  the  Ionian  philosopher, 
Thales,  discovered  that  pieces  of  amber  (^electron),  when 
rubbed  with  a  dry  woollen  cloth,  attracted  light  bodies 
placed  in  their  neighbourhood ;  hence  he  concluded  that 
amber  possessed  a  soul,  and  was  nourished  by  the  attracted 
bodies.     It  is  now  understood  that  amber,  when   rubbed, 
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acquires  the  property  of  attracting  small  pieces  of  paper  and 
other  light  bodies,  because  friction  decomposes  its  natural 
electricity,  and  negative  or  resinous  elec- 
tricity is  accumulated  upon  it.  If  amber 
in  this  condition,  a,  be  held  near  pieces  of 
paper,  ^,  the  negative  electricity  with 
which  it  is  charged  at  once  exercises  its 
attractive  and  repulsive  powers.  It  de- 
composes the  natural  electricity  of  these 
bodies,  and  repels  the  negative  fluid  into  ^^^- 1* 

,1  J        x-u  j-i         r  -u         The  First  Experiment. 

the  ground ;    the   paper,   thereiore,    be-  ^ 

comes  positively  charged,  and  forthwith  obeys  the  attraction 
exercised  upon  it  by  the  negative  electricity  of  the  amber. 
Dry  glass  rubbed  with  silk,  and  sealing-wax  rubbed  with 
flannel,  exhibit  the  same  attractive  power ;  and  the  rubber 
and  the  rubbed  body  are  always  endowed  with  opposite  elec- 
tricities. 

The  electric  machine  was  invented  in  1671,  by  Otto  von 
Guericke,  then  mayor  of  Magdeburg ;  and  has  undergone 
an  infinite  number  of  modifica,tions  in  course  of  time.  In  its 
present  form  it  consists  of  a  disc  of  plate-glass,  d,  Fig.  2,  p.  4, 
which  is  rubbed  by  leather  cushions.  These  latter  are  amal- 
gamated with  a  paste  composed  of  zinc  and  tin  turnings,  tri- 
turated with  mercury  and  rubbed  up  with  lard.  The  disc  is 
mounted  on  an  axle  of  green  glass,  a.  At  the  end  of  the 
latter  a  handle  is  fixed,  h,  by  means  of  which  the  disc  may  be 
turned  round  between  the  leather  cushions.  When  positive 
electricity  is  required,  a  metallic  chain,  c,  is  fixed  to  the 
cushions  and  connected  with  the  ground,  in  order  to  carry  off 
the  negative  electricity  of  the  cushions ;  positive  electricity 
then  accumulates  on  the  glass  disc,  and  may  be  drawn  off  by 
the  prime  conductor,  p,  which  consists  of  several  hollow 
brass  balls,  6  h,  connected  by  two  horizontal  glass  tubes,  t  i, 
resting  on  columns  of  glass,  g  g,  and  connected   with   the 
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horizontal  diameter  of  the  disc.  When  negative  electricity  is 
required,  the  chain  which  touches  the  ground  is  connected 
with  the  disc  instead  of  the  cushions,  so  as  to  remove  the 
positive  electricity  which  is  set  free.  A  portion  of  the  disc  is 
covered  with  oiled  silk,  in  order  to  prevent  the  electricity 


EiG,  2.— The  Electric  Machine. 


from  dispersing  into  the  atmosphere.  When  the  machine  is  in 
action  a  peculiar  smell  is  perceived,  which  is  half  sulphurous 
and  half  phosphoric,  and  is  due  to  the  transformation  of 
the  common  oxygen  of  the  atmosphere  into  allotropic  oxygen 
or  ozone. 

Ozone  and  Antozone. — In  1839,  Professor  Schonbein,  of 
Basle,  discovered  that  by  the  electrolysis  of  acidulated  water 
an  odoriferous  gas  was  produced  at  the  positive  pole,  which 
could  be  preserved  for  a  long  time  in  wel] -stoppered  bottles. 
He  also  noticed  that  the  same  gas  was  set  free  by  discharges 
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of  the  ordinary  electrical  machine  through  air,  and  when 
overtaken  by  a  storm  on  the  Jm^a  mountains,  recognised  the 
identity  of  its  smell  with  that  accompanying  a  flash  of  light- 
ning. The  properties  of  this  gas  were  further  investigated 
by  Andrews,  Williamson,  Baumert,  Fremy,  Becquerel,  Soret, 
and  a  number  of  other  physicists,  whose  researches  have 
established  the  fact  that  ozone  is  an  allotropic  form  of 
oxygen,  and  that  the  two  gases  are  mutually  convertible  into 
each  other. 

Ozone  may  be  chemically  prepared  by  slow  oxidation  of 
phosphorus,  ethers  (ozoniferous  ethers),  chloroform,  and 
most  volatile  oils,  or  by  mixing  three  parts  of  sulphuric  acid 
with  two  parts  of  permanganate  of  potash.  The  latter  mix- 
ture will,  according  to  Bottger,  continue  to  give  off  ozone 
for  several  months  consecutively  ;  and  it  is  strongly  reeom-  ■ 
mended  by  Dr.  Cornelius  Fox^  for  the  purification  of  the  air 
of  hospitals,  public  halls,  &c. 

The  peculiar  smell  which  accompanies  a  lightning  flash  is 
due  to  the  transformation  of  common  oxygen  into  ozone,  by 
means  of  the  electricity  discharged  through  the  atmosphere. 
The  gas  also  appears  near  the  ordinary  electrical  machine 
when  in  action  ;  and  large  quantities  of  it  may  be  obtained 
by  electrolysing  water  which  has  been  acidulated  with 
sulphuric  acid,  or  with  a  mixture  of  sulphuric  and  chromic 
acids. 

The  properties  of  ozone  are  the  same  from  whatever  source 
it  may  have  been  derived,  and  it  differs  from  common 
oxygen  chiefly  by  its  peculiar  odour,  which  is  half  sulphurous 
and  half  phosphoric,  and  by  an  exaltation  of  its  chemical 
afl&nities.  Ozone  is  one  of  the  most  powerful  oxidising 
agents  with  which  we  are  acquainted.  It  purifies  water 
which  is  charged  with  organic  refuse ;  destroys  the  foul  odoiu: 

'  Ozone  and  Antozone,  their  History  and  Nature.     London,  1873,  p.  25. 
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of  sulphuretted  hydrogen  ;  oxidises  most  silver,  iron,  copper, 
and  mercury ;  is  readily  absorbed  by  dry  mercury  and  iodine  ; 
decomposes  a  solution  of  iodide  of  potassium ;  changes  the 
yellow  ferrocyanide  into  the  red  ferridcyanide  of  potassium, 
and  the  black  sulphide  into  the  white  sulphate  of  lead  ; 
corrodes  organic  matters,  and  bleaches  most  vegetable 
colours.  Its  bleaching  effects  are  superior  to  those  of 
chlorine. 

A  small  quantity  of  ozone  is  always  contained  in  the 
atmosphere  ;  but  its  amount  varies  considerably,  according  to 
the  season  of  the  year.  Eain,  snow,  hail,  high  winds,  a  low 
temperature,  and  the  presence  of  a  considerable  quantity  of 
atmospheric  electricity,  are  favourable  to  its  development, 
and  ozone  is  therefore  found  to  be  most  abundant  in  winter 
and  spring ;  while  heat,  the  absence  of  strong  winds,  a  small 
quantity  of  atmospheric  electricity,  and  the  presence  in  the 
air  of  a  large  mass  of  volatile,  vegetable  and  animal  refuse, 
counteract  its  formation,  or  destroy  it  as  soon  as  developed. 
In  summer  and  autumn,  therefore,  ozone  appears  to  be  at  a 
low  ebb. 

Life  on  our  globe  could  probably  not  go  on  if  the  air 
were  not  constantly  deprived  of  its  noxious  admixtures  by 
this  all-pervading  principle  ;  but  whether  a  deficiency  or  an 
unusually  large  supply  of  ozone  has  any  decided  influence 
on  epidemic  or  other  diseases,  has  not  yet  been  ascertained. 
Most  observations  which  have  been  made  on  this  point  are 
devoid  of  value,  because  the  iodised  starch-paper  test  which 
has  been  generally  employed  shows  not  only  the  presence  of 
ozone,  but  also  that  of  the  peroxides  of  hydrogen  and  nitro- 
gen, nitrous  acid,  and  sulphuric  and  sulphurous  acids  in  the 
atmosphere.  Extended  series  of  researches  with  Houzeau's 
new  iodised-litmus  test,  which  shows  nothing  but  ozone, 
will  therefore  be  necessary  for  elucidating  this  question. 

Schonbein   has   also    described  a  body  which  he  called 
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antozone,  and  which  he  believed  to  be  oxygen  in  a  positively 
polar  condition,  as  distinguished  from  ozone,  which  he 
considered  to  be  oxygen  in'  a  negatively  polar  condition. 
Eecent  researches,  however,  have  rendered  it  certain  that 
antozone  is  identical  with  peroxide  of  hydrogen. 

Properties  of  static  electricity. — Of  all  the  different  forms 
of  electricity,  static  electricity  exercises  the  most  consider- 
■  able  attractive  and  repulsive  powers,  even  at  a  distance  ; 
and  the  energy  with  which  these  attractions  and  repulsions 
occur,  is  greater  in  proportion  as  the  two  bodies  between 
which  they  are  exercised  are  nearer  to  each  other.  Mathe- 
matically speaking,  the  repulsive  force  exerted  between  two 
bodies  which  are  similarly  electrified,  varies  inversely  as 
the  square  of  the  distance ;  and  the  attractive  force  exerted 
between  two  bodies  dissimilarly  electrified,  follows  the  same 
law. 

Grray  discovered,  in  1729,  that  all  metals  and  most  liquids 
propagate  any  electricity  which  is  communicated  to  them, 
thoughout  their  entire  substance  ;  while  other  bodies,  such 
as  glass,  silk,  resin,  &c.,  arrest  its  passage.     The  former  kind 
are  therefore  called  conductors,  and  the  latter  insulators  of 
electricity.      Grray  succeeded   in    carrying  electricity  to    a 
distance  of  250  yards  from  the  spot  where  it  was  generated, 
thus  making  the  first  step  towards  the  production,  of  the 
electric   telegraph.      Subsequently  Dr.    Watson,   Bishop   of  ' 
Llandaff,  succeeded  in  sending  the  discharge  from  a  Leyden 
jar  through   10,600   feet  of  wire,,  which   he  supported  on 
insulators    of  wood.       These    experiments    were    made    on 
Shooter's  Hill,  in  1747.      The  first  electric  telegraph  was 
established  in  1833,  by  Grauss  and  Weber,  Professors  at  the 
University  of  Grotting-en,  between  the  Physical  Laboratory 
and  the  Astronomical  and  Magnetic  Observatories  of  that 
city;  and  this  embraced  a  distance  of  about  12,000  feet. 
When    bodies    charged    with    contrary    electricities    are 
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approached  to  one  another,  the  two  fluids  become  neutralised  ; 
and  during  the  act  of  neutralisation  the  electric  spark  is 
produced,  the  discharge  of  which  is  accompanied  with  a 
peculiar  snapping  or  crackling  noise.  When  the  electric 
machine  is  made  to  act  in  a  dark  room,  streams  of  fire  are 
seen  to  come  from  beneath  the  oiled-silk  covering,  and  to 
disperse  over  the  plate.  If  the  hand  be  held  at  a  short 
distance  from  the  conductor,  a  curious  streaming  or  wave- 
like sensation  is  experienced ;  and  if  it  be  brought  close  to 
it,  sparks  pass  from  one  to  the  other,  causing  a  sharp 
pungent  sensation  in  the  skin,  and  a  white  rash,  which  is 
sometimes  surrounded  by  a  little  inflammatory  blush. 

In  the  moment  of  neutralisation,  electricity  is  no  longer 
at  rest,  but  in  motion  or  the  dynamic  state.  The  state  of 
motion  is  instantaneous,  if  the  two  bodies,  which  were 
charged  with  contrary  fluids,  acquire  no  more  electricity 
after  that  which  they  had  before  has  once  become  neu- 
tralised ;  and  this  instantaneous  dynamic  state  is  termed  the 
electric  discharge. 

A  discharge  is  instantaneous ;  but  if  the  two  electricities 
be  constantly  renewed,  one  of  the  bodies  deriving  from  any 
source  a  continuous  supply  of  positive,  and  the  other  one  a 
like  supply  of  negative  electricity,  a  continuous  neutralisa- 
tion will  go  on  either  through  the  air  with  sparks,  or  through 
a  conductor.  This  continuous  dynamic  state  is  termed  the 
electric  current.  The  essential  difference  between  a  discharge 
and  a  current  is,  that  a  simple  discharge,  although  it 
produces  a  number  of  other  effects,  has  no  action  upon  a 
magnetised  needle  ;  whilst  an  electric  current  is  capable  of 
deviating  it  from  its  previous  position.  By  a  rapid  succes- 
sion of  discharges,  however,  the  needle  maybe  deflected  just 
as  it  is  by  the  voltaic  or  electro-magnetic  current. 

The  Leyden  Jar. — The  Leyden  jar  was  invented  in  1745, 
by  Kleist,  then  prebendary  of  Cammin,  in  Pomerania,  and 
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.  sometime  afterwards  independently  of  him,  by  Muschenbroek, 
of  Leyden.  It  consists  of  a  rather  wide-mouthed  glass  jar, 
y,  Fig.  3,  which  has  an  inner  and  outer  coating  of  tinfoil. 
The  inner  coating  is  connected  with  a  brass  rod,  r,  which 
passes  through  the  stopper  of  the  jar,  and  terminates  above  in 
a  brass  knob,  h,  two  or  three  inches  above  the  stopper ;  it  ends 
below  in  a  brass  chain,  c,  which  rests  on  the  bottom  of  the 
jar.  The  jar  is  charged  by  connecting  the  outer  coating  with 
the  ground,  which  is  done  by  holding  it  in  the  hand,  while 
the  knob  which  communicates  with  the  inner  coating  is  pre- 
sented  to  the  prime  conductor  of  the  electrical  machine. 


Figs.  3  and  4. — The  Leyden  Jar. 


Fig.  5. — Metallic  Discharger. 


Thus  the  positive  electricity  of  the  machine  passes  down  the 
brass  rod  to  the  inner  coating  of  the  jar,  on  which  it  accumu- 
lates, while  negative  electricity  appears  on  the  outer  coating. 
The  jar  is  discharged  by  establishing  a  connection  between 
its  outer  and  inner  surfaces. 

The  metallic  discharger  (fig.  5,)  which  is  generally  used 
consists  of  two  brass  rods,  bj  and  ¥j,  terminating  in  balls, 
b  and  6',  and  connected  by  a  joint,  J.  They  are  furnished 
with  insulating  handles  of  glass,  g  and  g^,  by  which  they  are 
held.     If  one  of  these  balls  be  made  to  touch  the  brass  knob 
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of  the  jar,  and  the  other  its  outer  coating,  a  brilliant  spark 
is  perceived,  and  the  usual  snapping  noise  is  heard.  The 
jar  may  also  be  discharged  directly  through  the  human  body 
by  holding  it  in  one  hand  by  the  outer  coating,  and  tlien 
touching  the  brass  knob  by  the  other  hand.  This  produces 
a  violent,  sudden,  and  painful  sensation,  the  electric  shock, 
the  force  of  which  is  proportional  to  the  area  of  the  metallic 
coating  and  to  the  intensity  of  the  charge. 

Kleist  was  the  first  who  felt  this  shock ;  Muschenbroek, 
who  also  received  it  unexpectedly,  and  who  had  less  nerve, 
wrote  to  Eeaumur  that '  not  for  the  kingdom  of  France  would 
he  expose  himself  to  it  a  second  time.'  It  was  soon  found 
that  the  shock  could  be  transmitted  through  a  number  of 
persons  forming  a  chain  ;  the  first  taking  hold  of  the  jar  by 
its  outer  coating,  and  the  latter  touching  the  knob.  The 
Abbe  Nollet,  in  the  presence  of  King  Louis  XV.,  sent  the 
shock  through  180  life-guardsmen,  joining  hands. 

Electric  Battery. — A  number  of  jars,  of  which  all  the 
outer  coatings  are  connected  with  one  another,  and  the  inner 


Fig.  6.— The  Electric  Battery. 

coatings  likewise,  forms  an  electrical  battery,  the  power  of 
which  is  proportionate  to  the  size  and  the  number  of  the 
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jars.  A  jar  or  a  battery,  however,  cannot  be  charged  in- 
finitely, as,  when  a  certain  quantity  of  electricity  has  accu- 
mulated, the  tension  becomes  so  high  that  the  electricity 
either  shatters  the  jar  or  is  discharged  spontaneously.  A 
shock  from  a  powerful  battery  may  destroy  life,  the  same  as 
lightning. 

Quantity  and  Intensity. — The  quantity  of  frictional  elec- 
tricity depends  upon  the  extent  of  the  electric  source  from 
which  it  is  derived,  and  the  extent  of  surface  upon  which  it 
is  accumulated.  Intensity,  on  the  other  hand,  denotes  the 
tendency  of  the  electricity  to  escape  from  any  place  in  which 
it  is  confined,  and  to  overcome  any  impediments  to  its  pas- 
sage. This  latter  varies  according  to  the  manner  in  which 
the  electricity  is  distributed.  Mr.  Watts  ^  has  appropriately 
likened  the  manner  in  which  the  term  '  intensity '  is  used 
with  regard  to  electricity,  to  the  way  in  which  the  term 
temperature  is  applied  with  respect  to  heat.  Thus,  a  pint 
of  water  at  100°  C.  produces  many  effects  which  a  gallon  of 
water  at  50°  cannot  produce  ;  for  instance,  it  will  cause 
alcohol  to  boil,  and  fat  to  melt,  although  the  quantity  of 
heat  in  the  pint,  as  measured  by  the  quantity  of  ice  which 
it  will  melt,  is  actually  less  than  that  contained  in  the  gallon. 
In  the  same  manner,  a  small  quantity  of  electricity  confined 
in  a  small  space  exerts  a  greater  repulsive  force  than  a  larger 
quantity  which  is  distributed  over  a  comparatively  larger 
surface. 

Professor  Tyndall  ^  has  given  another  apt  illustration  of 
these  conditions.  He  says  that  a  cubic  inch  of  air,  if  com- 
pressed with  sufficient  power,  may  rupture  a  rigid  envelope ; 
while  a  cubic  yard  of  air,  if  not  so  compressed,  may  exert 
only  a  feeble  pressure  upon  the  surfaces  which  bound  it. 
Now  frictional  electricity  is  in  a  condition  analogous  to  the 

■  A  Dictionary  of  Chemistry,  toI.  ii.  p.  383.     London,  1864. 
*  Notes  on  Electrical  Phenomena,  p.  15.     London,  1871. 
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compressed  air ;  its  density  or  tension  is  very  considerable. 
Voltaic  electricity,  on  the  other  hand,  resembles  the  uncom- 
pressed air  ;  its  quantity  exceeds  enormously  that  of  the 
machine  ;  but  it  falls  much  below  it  in  intensity. 

Density. — If  the  quantity  of  electricity  imparted  to  the 
same  conductor  be  increased,  the  density  of  electricity  is 
said  to  be  increased.  This  density  is  the  same  at  all  points 
of  the  surface  of  a  sphere  ;  on  a  plate  the  density  is  greatest 
at  the  edges  ;  and  on  a  pointed  conductor  it  is  greatest  at 
the  point. 

The  Electroscope. — The  electroscope  is  an  instrument  by 
means  of  which  the  presence  and  kind  of  electricity,  whether 
positive  or  negative,  are  indicated.     The  most  simple  kind 


Fig.  7. — Electroscope. 


Fig.  8. — ^Electrometer. 


of  electroscope  is  a  pith  ball  suspended  by  a  silk  thread.  Fig.  7. 
This  is  first  charged  by  touching  it  with  a  glass  rod  on  which 
positive  electricity  is  accumulated,  and  then  approached  to 
the  object  which  is  to  be  examined.  If  no  effect  on  the 
pith  ball  be  produced,  the  object  is  not  electrified  ;  if  the 
ball  be  repelled  by  it,  the  electricity  is  positive,  and  if  it 
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be  attracted,  the  object  is  negatively  electrified.  The  in- 
strument generally  used,  however,  is  the  gold-leaf  electro- 
meter, Fig.  8,  which  was  invented  by  Bennet,  and  perfected 
by  Singer  and  Buff.  The  essential  parts  of  this  instrument 
are  two  strips  of  gold-leaf,  g,  I,  suspended  in  a  glass  jar,  j, 
which  is  open  at  both  ends.  A  brass  rod,  ^,  passes  through 
the  neck  of  the  jar,  which  is  closed  by  a  cap,  c.  The  strips 
of  gold-leaf  are  attracted  to  the  lower  end  of  the  rod,  while 
a  brass  cap,  6,  rests  on  the  upper  end  of  the  same.  An 
electric  charge  communicated  to  the  cap  b  is  at  once  con- 
ducted to  the  gold  leaves,  and  causes  them  to  diverge. 

Velocity  of  Electncity. — The  velocity  with  which  electri- 
city is  propagated  is  greater  than  that  of  any  other  agent 
with  which  we  are  acquainted,  light  not  excepted;  for  while 
light  moves  at  the  rate  of  192,000  miles  in  a  second,  electri- 
city travels,  according  to  Prof.  Wheatstone,  over  a  distance 
of  288,000  miles  in  a  second.  This  velocity,  which  is 
sufficient  to  make  the  circuit  of  the  earth  ten  times  in  a 
second,  is  so  great,  that  any  artificial  motion  which  can  be 
produced,  appears  to  be  rest  itself  when  compared  with  it. 
The  light  of  the  electric  discharge  lasts,  according  to  the 
same  observer,  hardly  the  millionth  part  of  a  second.  If  a 
wheel,  which  is  made  to  revolve  so  rapidly  that  its  spokes 
become  invisible,  be  illuminated  by  a  flash  of  electric  light, 
all  the  spokes  are  for  an  instant  seen  perfectly  distinct,  as  if 
it  were  in  a  state  of  rest.  Insects  on  the  wing  appear  fixed 
in  the  air ;  a  moving  cannon-ball  illuminated  by  a  lightning 
flash,  seems  to  stand  still ;  and  an  apparently  continuous 
stream  of  water  is  seen  as  a  succession  of  drops ;  the  cause 
of  these  phenomena  being,  that,  however  rapid  the  motion 
of  bodies  may  be,  the  electric  light  has  come  and  passed 
away  before  the  motion  has  gone  over  a  perceptible  portion 
of  space. 

It  should  be  understood,  however,  that  electricity  travels 
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at  this  high  speed  only  when  unimpeded  by  disturbing 
causes,  and  that  this  rate  is,  in  ordinary  transmission,  con- 
siderably diminished  by  the  influence  of  neighbouring 
bodies,  and  the  varying  conductivity,  and  the  more  or  less 
imperfect  insulation  of  the  wires  used  for  sending  it  on. 

Thus  Faraday  found  that,  in  the  subterranean  wire  of  the 
London  and  Manchester  line,  the  current  took  two  seconds 
to  run  over  a  distance  of  1,500  miles  ;  while,  with  the  same 
length  of  wire  in  the  air,  the  space  of  time  was  almost 
imperceptible.  The  velocity  of  tlie  London  and  Brussels 
submarine  telegTaph  is  2,700  miles  in  the  second,  this  low 
rate  being,  in  great  part,  due  to  the  strong  conductivity  of 
the  sea  water,  in  which  a  portion  of  the  wire  is  immersed. 
In  the  French  telegraph  wire,  on  the  other  hand,  which  is 
more  perfectly  insulated,  the  rate  of  transmisssion  is  112,  680 
miles  in  the  second. 

The  following  table  shows  the  rate  at  which  electricity, 
light,  sound,  nervous  force,  and  other  agents,  are  trans- 
mitted : — 


Metres  in  the  Second. 

Electricity     .... 

464,000,000 

Light     

300,000,000 

Shooting-star 

64,380 

Earth  in  orbit  round  the  sun 

30,800 

Sound  in  iron 

3,485 

Sound  in  water 

1,432 

Cannon-ball  .... 

552 

Earth's  surface  at  Equator     . 

465 

Sound  in  air  .... 

332 

Eagle's  flic  ht          .         .         . 

35 

Nervous  force 

26-30 

Railway-engine 

27 

Greyhound     .... 

25 

Racehorse      .... 

25 

Stone  thrown  by  hand    . 

21-9 

Arterial  wave 

9-25 

Blood  in  dog's  carotid    . 

0-2  to  0-3 

Blood  in  dog's  capillaries 

0-0006  to  0-00C9 

Particles  moved  by  cilia 

0-00007 
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The  fact  that  electricity  moves  at  a  rate  of  288,000  miles 
in  a  second,  while  nervous  force  travels  in  the  same  space  of 
time  only  over  a  distance  of  about  thirty  yards,  is  sufficient 
to  prove  that  electHdty  and  nervous  force  are  not  iden- 
tical, as  some  physiologists  are  inclined  to  believe. 

Ckemical  Effects. — That  frictional  electricity  has  certain 
chemical  effects  was  discovered  by  Priestley,  who  suc- 
ceeded in  forming  an  acid  out  of  oxygen  and  nitrogen  by 
passing  a  succession  of  shocks  through  air.  This  subject 
was  most  elaborately  investigated  by  Faraday,  who  found 
that  the  chemical  action  of  frictional  electricity  is  very 
feeble,  since  the  quantity  of  matter  decomposed  is  not 
proportionate  to  the  tension,  but  to  the  quantity  of  electri- 
city employed,  and  the  quantity  of  frictional  electricity  is 
small.  The  voltaic  pile,  on  the  other  hand,  yields  a  very 
large  quantity  of  electricity,  and  therefore  produces  che- 
mical decomposition  with  the  greatest  facility.  Faraday 
has  calculated  that  the  great  Leyden  battery  of  the  Eoyal 
Institution  would  require  to  be  charged  by  800,000  turns 
of  a  powerful  plate  machine  of  fifty  inches  in  diameter, 
to  supply  electricity  sufficient  to  decompose  a  grain  of 
water.  If  this  charge  of  the  battery  were  concentrated  in  a 
single  spark,  it  would  resemble  a  great  flash  of  lightning ; 
yet  its  quantity  would  only  be  equivalent  to  that  which  is 
produced  in  about  five  seconds  by  a  single  pair  of  Grrove's 
battery.  Faraday  has  also  estimated  that  the  quantity  of 
electricity  in  action,  during  a  severe  thunderstorm,  would 
correspond  to  the  quantity  of  electricity  set  free  by  the 
chemical  action  of  one  grain  of  water  on  four  grains  of 
zinc. 

Inductive  Action;  Electrophorus. — Static  electricity  does 
not  only  produce  certain  effects  when  two  bodies  are  in 
contact  with  each  other,  but  also  at  a  distance ;  and  these 
latter  effects  are  said  to  depend  on  inductive  action.     An 
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electrified  body  which  is  approached  to  an  unelectrified 
insulated  conductor,  decomposes  the  neutral  electricity  of 
the  latter,  attracting  one  fluid  and  repelling  the  other  ;  but, 
as  soon  as  the  electrified  body  is  withdrawn,  the  fluids  re- 
unite and  become  neutralised. 

The  most  important  instrument  for  showing  inductive 
action  is  the  Electrophorus,  Fig.  9,  which  was  invented  by 
Wilke,  and  improved  by  Volta.  It  consists  of  a  cake  of  resin- 
ous matter,  c,  or  a  plate  of  ebonite,  contained  in  a  metallic 
plate,  p,  with  a  rim  round  its  edge,  and  is  provided  with  a 
metallic  cover,  mm,  which  is  furnished  with  an  insulating 
handle  of  glass,  h.  The  surface  of  the  cake  is  negatively 
electrified  by  striking  it  briskly  several  times  with  a  fox-tail 
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Fig.  9. — Electrophorus. 

or  a  piece  of  fur,  after  which  the  cover  is  laid  on.  The  natural 
electricity  of  the  cover  is  now  decomposed  by  the  negative 
electricity  of  the  cake ;  positive  electricity  is  attracted,  but 
the  negative  fluid  repelled,  and  therefore  positive  electricity 
accumulates  by  induction  in  the  lower,  and  the  negative 
fluid  in  the  upper  portion  of  the  cover.  If  the  finger  be 
now  approached  to  it,  a  spark  is  seen ;  and  if  the  finger 
touch  the  cover,  all  the  negative  electricity  is  repelled,  and 
the  cover  is  charged  with  the  positive  fluid,  which  is  con- 
fined by  the  negative  electricity  of  the  cake,  as  long  as  the 
cover  remains  on  the  cake.     But  when  the  cover  is  removed. 
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positive  electricity  is  set  free,  and  a  spark  may  then  be 
drawn  from  the  cover.  From  this  it  is  concluded  that  the 
electricity  of  the  movable  plate  is  not  derived  as  a  charge 
from  the  resinous  cake,  but  is  the  result  of  inductive 
action.  This  process  takes  place  not  through  the  metal, 
but  through  the  air,  and  is  an  action  of  the  contiguous 
particles  of  the  insulating  body  thrown  into  a  state  of 
polarity  and  tension,  whereby  they  are  rendered  capable  of 
communicating  their  forces  in  every  direction. 

Holtz's  Electrophorus  Machine. — The  principle  of  in- 
ductive action  has  recently  been  utilised  by  M.  Holtz,  of 
Berlin,  and  M.  Topler,  of  Eiga,  both  of  whom  have  con- 
structed inductive  machines  of  extraordinary  power  (1865).' 

(Vide  Lithographic  Plate,  figs.  10  and  17.) 

The  electricity  furnished  by  these  machines  is  in  all 
respects  identical  with  frictional  electricity,  except  that  it 
is  not  developed  by  friction,  but  by  inductive  action,  as  in 
the  electrophorus.  They  are  called  electrophorus  machines, 
or  rotation-multipliers — a  multiplier  being  a  name  given  to 
every  apparatus  the  object  of  which  is  to  multiply  by  suc- 
cessive transmissions  any  feeble  electric  charge  which  has 
once  been  communicated ;  such  transmissions  taking  place 
in  these  machines  by  means  of  a  rotatory  movement. 

The  essential  parts  of  Holtz's  machine  are  two  glass  discs — 
one  of  which  may  be  turned  round  its  axis,  while  the  other 
is  fixed — and  a  variable  number  of  conductors.  There  are 
three  sizes  of  the  disc — namely,  24,  42,  and  60  centimetres. 
The  movable  disc,  I.,  fig.  10,  has  a  diameter  of  about  thirty- 
two  centimetres,  and  is  two  millimetres  thick ;  it  consists  of 
plate  glass,  and  is  fixed  centrically  and  perpendicularly  on  an 
axle  of  vulcanite,  by  means  of  which  it  may  be  put  into  ro- 
tation.     The   fixed   disc,  II.,  has  a  diameter  of  thirty-six 

'  Holtz,  in  Poggendorff's  '  Annalen,' April  and  September  1865;  Clemens, 
in  'Deutsche  Klinik,'  1867,  No.  48;  and  chiefly  Schwanda,  in  '  Medicinische 
Jahrbiicher,'  1868,  Heft  iii. ;  and  Poggendorff's  'Annalen,'  vol.  exxxiii.  p.  126. 
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centimetres ;  it  consists  likewise  of  plate  glass,  and  has  an 
opening  in  the  centre,  so  that  the  axle,  which  has  just  been 
mentioned,  may  be  put  through  it  without  friction.  It  is 
iixed  at  a  small  distance  from  the  movable  disc,  and  pa- 
rallel with  it.  This  fixed  disc  is  interrupted  towards  the  two 
extremities  of  one  of  its  diameters  by  two  oval  incisions,  a,  6, 
which  are  8^  centimetres  long  and  six  centimetres  wide. 
On  that  surface  which  is  turned  away  from  the  movable 
disc,  it  is  furnished  with  an  equally  long  paper-coating,  c,  d, 
along  each  longitudinal  side  of  the  incisions ;  and  from 
these  paper-coatings  a  pointed  piece  of  card-board  proceeds 
into  the  middle  of  the  corresponding  incision.  Both  glass 
discs  and  paper-coatings  are  covered  with  sealing-wax. 

The  metallic  conductors  are  shaped  somewhat  like  a  comb 
with  ten  finely-pointed  teeth,  and  are  fixed  as  near  as  pos- 
sible to  the  rotating  disc,  but  without  touching  it,  and 
parallel  to  the  longitudinal  direction  of  the  paper-coatings. 
Each  of  these  combs  has  a  metallic  stem,  which  is  placed 
parallel  with  the  axle,  and  perpendicularly  to  the  rotating 
disc.  The  metallic  continuation  of  the  conductors  are  the 
electrodes  of  the  machine,  fig.  10,/  and  g. 

In  order  to  put  this  machine  into  action,  the  two  elec- 
trodes are  connected  with  one  another,  and  the  movable 
disc  is  turned  round  by  the  vulcanite  handle,  while  at  the 
same  time  a  plate  of  vulcanite  which  has  been  rendered  elec- 
tric by  friction  is  approached  to  one  of  the  paper-coatings, 
and  removed  from  it  as  soon  as  a  crepitating  noise  is  heard. 
The  rotation  must  be  so  performed  that  the  several  portions 
of  the  movable  disc  first  pass  the  incisions,  and  afterwards 
the  paper-coatings  of  the  fixed  disc.  As  soon  as  this  is 
done,  both  coatings  are  charged  with  opposite  electricities, 
the  density  of  which  grows  rapidly,  and  reaches  its  maximum 
within  a  few  seconds. 

When  the  machine  is  in  action,  a  loud  crepitating  noise  is 
heard  at  the  pole  where  the  charge  takes  place,  which  in- 
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creases  with  the  force  of  the  charge,  and  continues  in  the 
same  manner  as  long  as  the  conducting  arch  is  closed ;  but 
if  the  latter  be  opened,  the  force  of  the  sound  is  diminished. 
The  smell  of  ozone  is  perceived  at  both  poles  of  the  machine, 
but  more  strongly  at  the  negative  pole.  This  smell 
spreads  rapidly  through  the  air,  so  that,  after  the  machine 
has  only  acted  for  a  few  minutes,  a  large  room  is  completely 
filled  with  it.  Luminous  appearances  take  place  at  both 
poles  as  soon  as  the  machine  is  put  into  action,  and  increase 
rapidly  in  force  and  extent.  By  daylight  they  become  only 
perceptible  when  a  dark  object  is  held  behind  the  glass 
discs,  while  in  a  dark  room  they  at  once  appear  in  all  their 
brilliancy.  It  is  then  noticed  that  a  reddish-blue  light 
streams  from  the  points  of  the  comb  opposite  to  that  paper- 
coating  where  the  charge  takes  place,  and  that  waves  of  light 
pass  from  there  in  a  quarter-circle  towards  the  movable 
disc,  opposite  to  the  direction  in  which  rotation  is  performed, 
from  whence  they  proceed  farther  and  farther  until  they 
reach  a  maximum  of  length,  which  is  about  8  or  10  centi- 
metres. At  the  same  moment  when  light  appears  at  the 
points  of  the  negative  pole,  a  similar  light  is  perceived  at 
the  points  of  the  positive  one ;  but  this  has  a  more  reddish 
hue,  and  is  not  quite  so  dazzling.  If  the  distance  between 
the  electrodes  is  very  small,  a  brilliant  white  light  with  a 
greenish  hue  is  seen,  whatever  may  be  the  size  or  the  shape 
of  the  electrodes  ;  but  if  the  distance  be  increased,  streams 
of  a  violet  light  pass  from  the  positive  to  the  negative  elec- 
trode. The  violet  light  appears  to  be  due  to  incandescent  ni- 
trogen, while  the  white  light  arises  from  incandescent  oxygen. 

II.— DYNAMIC  ELECTRICITY. 

(A.)  Galvanism,  voltaic    electricity,    or  the  continuous 

current. — If  two  heterogeneous  metals,  such  as  copper  and 

zinc,  be  connected  by  means  of  a  conductor  moistened  with 
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water,  various  phenomena  are  produced,  the  cause  of  which 
is  ascribed  to  an  imponderable  fluid  developed  by  the  con- 
nection of  the  metals,  and  called  galvanism,  or  galvanic 
electricity,  after  Luigi  Galvani,  of  Bologna,  who  discovered 
this  form  of  electricity  in  1786. 

G-alvani  observed  that,  if  the  hind-legs  of  a  frog  which 
were  lying  on  an  iron  grating,  were  touched  by  a  copper 
wire,  they  become  convulsed  (fig.  18).  He  did  not,  however, 
recognise  that  the  contact  of  two  dissimilar  wires  was  ne- 
cessary for  producing  this  effect.  This  was  discovered  by 
Volta,  who  concluded  that  the  electricity  produced   under 


Fig.  18. 
these  circumstances  was  owing  to  the  contact  of  the  different 
metals.  Up  to  a  recent  time,  galvanism  was  therefore 
termed  electricity  by  contact,  for  Volta  had  taken  great 
pains  to  prove  that  the  liberation  of  this  form  of  electricity 
was  entirely  due  to  the  contact  of  the  two  metals,  and  that 
the  liquid  between  them  merely  played  the  part  of  a  con- 
ductor. Volta's  theory,  however,  has  been  upset  by  the 
experimental  researches  of  Davy,  Becquerel,  de  la  Rive,  and 
Faraday,  who  have  established  the  fact  that  the  real  source 
of  galvanic  electricity  is  not  contact,  but  the  chemical 
action  of  two  heterogeneous  conducting  bodies  ;  that  contact 
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is  only  a  condition  most  frequently  necessary,  but  not  always 
indispensable  for  the  manifestation  of  the  electric  signs - 
that  galvanic  electricity  ■  may  be  produced  not  only  by 
the  action  of  a  liquid  upon  a  solid — which,  it  is  true, 
produces  the  most  remarkable  electric  phenomena — but 
likewise  by  the  action  of  two  liquids  upon  each  other,  or 
even  by  gases  acting  upon  solids  and  liquids.  In  Galvani's 
experiment,  the  electricity  is  developed  not  by  the  contact 
of  the  iron,  copjaer,  and  muscle,  but  by  the  chemical  action 
of  the  moisture  of  the  frog's  legs  on  the  pair  of  metals,  and 
more  especially  on  the  iron  wire. 

Every  chemical  action  is  accompanied  by  a  disturbance  in 
the  equilibrium  of  the  molecules  of  a  body,  and  consequently 
by  a  liberation  of  electricity.  Where  there  is  no  chemical 
action,  no  electricity  will  be  set  free.  We  may  thus,  for 
instance,  establish  the  most  perfect  contact  between  a  pair 
of  iron  and  copper,  and  immerse  it  into  a  well-conducting 
liquid,  such  as  a  solution  of  potash ;  but  nevertheless  the 
pair  remains  inactive,  because  the  liquid  is  incapable  of 
exercising  a  chemical  action  upon  either  of  these  metals. 
Again,  plates  of  gold  and  platinum  may  be  immersed  in 
pure  nitric  acid,  and  the  most  delicate  tests  at  our  disposal 
will  give  no  evidence  of  galvanic  action.  But  if  a  drop  of 
hydrochloric  acid  be  now  added,  a  powerful  current  is  set  up, 
flowing  from  the  gold  through  the  acid  to  the  platinum. 
This  is  owing  to  the  circumstance  that  nitric  acid  has  no 
chemical  effect  on  gold  or  platinum,  while  nitro-hydro- 
chloric  acid  attacks  both,  and  more  especially  the  gold. 

The  metal  which  is  most  attacked  in  a  galvanic  circuit  is 
called  positive,  and  that  which  is  less  or  not  at  all  attacked, 
negative.  The  positive  metal  determines  the  direction  of 
the  current. 

All  metals  are  good  electro-motors — that  is  to  say,  they 
give  rise  to  an  abundant  development  of  free  electricity,  if 
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properly  arranged.  Considerable  differences  exist,  however, 
in  this  respect,  according  to  the  nature  of  the  metal.  Thus 
for  instance,  zinc,  if  combined  with  platinum,  becomes  more 
strongly  charged  with  positive  electricity  than  if  in  contact 
with  copper  ;  on  the  other  hand,  copper,  which  in  contact 
with  zinc  becomes  negatively  electrified,  acquires  positive 
electricity  if  combined  with  platinum.  The  following  table 
shows  the  principal  electro-motors  arranged  according  to 
their  polarity,  the  preceding  one' being  positively  electrical  to 
all  the  following  ones  : — 

+  Iron.  Platinum, 

Zinc.  Copper.  Carbon. 

Lead.  Silver.  — 

Tin.  Gold. 

The  greater  the  distance  between  these  several  substances 
the  more  considerable  is  the  galvanic  intensity — a  combina- 
tion of  zinc  and  carbon  being  the  most  active  pair  of  all. 

The  force  which  urges  the  galvanic  current  forwards  is 
considerably  less  than  that  which  propels  a  current  of 
frictional  electricity.  In  a  galvanic  pair  the  two  contrary 
electricities  have  no  difficulty  in  re-uniting  through  the 
intermediate  liquid  ;  but  such  a  current  could  not  jump  over 
a  perceptible  portion  of  space.  We  may,  however,  give  more 
tension  to  a  galvanic  current  by  uniting  a  number  of  pairs  in 
regular  order,  so  that  the  negative  metal  of  the  first  is  connected 
with  the  positive  of  the  second,  and  so  on.  By  building  up 
a  number  of  such  pairs,  the  galvanic  current  becomes  more 
similar  to  frictional  electricity ;  yet  it  has  been  shown  that 
an  ordinary  electric  machine  would  urge  its  current  across 
an  interval  with  infinitely  greater  force  than  a  thousand 
galvanic  pairs  would  do.  On  the  other  hand,  the  magnetic 
and  chemical  force  of  galvanism  is  incomparably  greater  than 
that  of  frictional  electricity.  The  latter  is  therefore  said  to 
possess  a  high  degree  of  tension,  and  the  former  an  enormous 
quantity. 
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The  compound  galvanic  circuit  was  invented  by  Volta  in 
1800,  and  is  generally  called  the  voltaic  pile. 

The  original  voltaic  pile  (fig.  19)  consists  essentially  of 
three  substances :  viz.,  of  two  metals  which  become  charged 
with  electricity,  and  an  indifferent  con- 
ducting body.  It  is  built  up  in  the  follow- 
ing way : — A  copper  disc  is  placed  upon  a 
glass  plate,  a  zinc  disc  upon  the  copper 
disc,  and  a  circular  piece  of  cloth,  flannel, 
or  pasteboard,  soaked  in  water  or  salt- 
water, upon  the  zinc  disc.  A  second 
similar  pair  is  piled  on  the  first,  a  third 
on  the  second,  and  so  on  up  to  twenty  or 
more.  As  soon  as  the  pile  is  in  action, 
the  water  moistening  the  flannel  is  de- 
composed, and  hydrogen  accumulates 
upon  the  copper,  while  oxygen  goes  to 
the  zinc. 

If  a  little  sulphuric  acid  be  added  to 
the  water,  the  galvanic  action  is  inten- 
sified, partly  because  the  acidulated  liquid 
conducts  better  than  ordinary  water,  and 
partly  because  the  oxide  of  zinc  is  re- 
moved as  soon  as  formed,  as  it  combines 
with  sulphuric  acid  to  form  sulphate  of 
zinc,  which  is  soluble  in  water. 

The  top  or  zinc  end  of  the  pile  is  called  the  positive  pole, 
the  bottom  or  copper  end  of  the  pile  is  termed  the  negative 
pjole.  If  the  two  poles  of  the  pile  be  connected  by  conduct- 
ing wires,  these  latter  become  charged  with  the  electricity 
of  the  poles,  and  we  therefore  have  a  positively  and  negatively 
charged  conductor. 

That  the  force  produced  by  the  Voltaic  pile  is  really  elec- 
tricity, is  shown  by  a  large  number  of  facts.     Thus  the  poles 
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of  the  pile  are  seen  to  repel  similarly  electrified  bodies,  and 
to  attract  the  dissimilarly  electrified.  A  Ley  den  jar  may  be 
charged  by  connecting  one  of  its  coatings  with  the  positive 
and  the  other  with  the  negative  pole  of  the  pile.  When  the 
two  conducting  wires  are  approached  to  each  other,  a  con- 
tinuous stream  of  small  sparks  is  seen  to  pass  between  them; 
when  they  are  made  to  act  on  the  electroscope,  the  gold 
leaves  diverge — the  zinc  end  showing  positive,  and  the 
copper  end  negative,  electricity  ;  when  they  are  touched 
with  the  fingers,  an  electric  shock  is  felt  through  the  arms ; 
when  they  are  immersed  in  a  vessel  containing  water,  the 
latter  is  decomposed,  oxygen  being  attracted  to  the  positive, 
and  hydrogen  to  the  negative  pole  ;  when  they  are  connected 
with  a  magnetised  needle,  this  is  deflected  from  its  previous 
position ;  when  they  are  made  to  touch  a  piece  of  soft  iron, 
this  acquires  magnetic  properties ;  and  when  they  are  con- 
nected by  means  of  a  thin  wire  of  low  conducting  power,  the 
latter  becomes  incandescent. 

The  electric  current  furnished  by  the  voltaic  pile  is  sub- 
ject to  considerable  variations ;  and  although  it  may  have 
been  very  strong  at  first,  soon  diminishes  in  strength,  and  at 
last  completely  disappears.  This  is  owing  to  the  circumstance 
that  as  soon  as  the  pile  is  put  into  action  the  water  with 
which  the  conductor  is  moistened  becomes  decomposed, 
whereby  the  surface  of  the  metals  is  altered,  and  their 
heterogeneity  more  or  less  destroyed.  When  in  this  con- 
dition, the  metals  are  said  to  have  acquired  polarisation. 
If  a  liquid  were  used  that  is  incapable  of  decomposition,  no 
galvanic  effect  would  be  caused  ;  so  that  polarisation  is  in- 
evitable. A  fresh  current  is  now  produced — the  polarisation 
cui^^ent — which  flows  in  a  direction  contrary  to  that  of  the 
battery,  and  has,  therefore,  the  tendency  to  neutralise  the 
original  current.  The  longer  the  action  of  the  battery  con- 
tinues, the  more  considerable  is  the  decomposition  which 
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takes  place  ;  and  the  polarisation  current,  therefore,  becomes 
at  last  so  strong  that  it  completely  neutralises  the  original 
current.     The  action  of  the  battery  is  then  arrested. 

Constant  Batteries. — The  effects  of  polarisation  may  be  to 
a  great  extent  avoided  by  using  tvjo  conducting  liquids 
which  are  separated  by  a  permeable  membrane  or  a  porous 
vase,  instead  of  one  liquid  only.  In  such  batteries  the  water 
is  decomposed,  just  as  in  the  ordinary  voltaic  pile  ;  but  the 
hydrogen  is  bound  again  as  soon  as  set  free,  whereby  the 
polarity  of  the  plates  is  preserved  for  a  longer  time  than  in 
the  original  arrangement.  Batteries  of  this  kind  are  there- 
fore called  constant  batteries.  Each  such  battery  consists  of 
five  substances  :  viz.  ist,  a  metal  which  is  attacked,  and  at 
the  expense  of  which  the  electricity  is  produced  ;  this  is 
generally  zinc,  and  forms  the  negative  pole  of  the  battery  ; 
2nd,  a  substance  which  attacks  the  zinc,  and  which  is  gene- 
rally an  acid ;  3rd,  a  porous  diaphragm ;  4th,  a  depolarising 
body,  generally  a  solution  of  sulphate  of  copper  ;  and  oth,  a 
collector  which  is  not  attacked,  such  as  copper,  platinum,  or 
carbon,  and  which  forms  the  positive  pole  of  the  battery. 
Any  number  of  such  pairs  may  be  combined  to  form  a  pile. 

Becquerel's  Battery. — The  very  great  merit  of  having 
constructed  the  first  constant  battery  belongs  to  M.  Bec- 
querel,  who  proposed  to  immerse  copper  as  well  as  zinc  in  a 
special  liquid,  both  being  separated  from  each  other  by  a 
porous  diaphragm  which  allows  communication  between  the 
two  liquids.  Becquerel's  pair  (fig.  20,  p.  26)  is  contained  in 
a  cylindrical  vessel,  v,  of  glass  or  porcelain  ;  a  cylinder  of  zinc, 
s,  is  placed  in  this  vessel,  and  acidulated  water  filled  into  the 
space  between  the  vessel  and  the  zinc.  In  the  interior  of  the 
cylinder  of  zinc  is  placed  a  bladder,  6,  containing  a  hollow 
copper  cylinder,  c,  and  a  concentrated  solution  of  cupric 
sulphate.  At  the  bottom  of  the  copper  cylinder  is  some 
sand,  s.  to  keep  it  steady.     "SVhen  the  poles  of  this  pair,  pn^ 
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are  connected,  both  the  water  and  the  solution  of  cupric 
sulphate  are  decomposed.  One  part  of  the  liberated  oxygen 
combines  with  the  zinc  to  form  oxide  of  zinc,  which  com- 
bines again  with  sulphuric  acid  to  form  sulphate  of  zinc  ; 
another  part  of  the  oxygen  combines  with  hydrogen  to  form 
water ;  and  finally,  a  thin  film  of  copper  is  deposited  on  the 
surface  of  the  copper  cylinder,  which  is,  therefore,  not 
altered.  It  is  easy  to  understand  that  Becquerel's  battery 
must  furnish  amuch  more  constant  current  than  the  ordinary 


Fig.  20. — Becquerel's  Battery. 

voltaic  pile.  In  Becquerel's  battery  zinc  is  the  negative, 
and  copper  the  positive  pole. 

Electro-therapeutists  can  never  be  sufficiently  grateful  to 
Becquerel  for  having  conceived  and  carried  out  the  idea  of 
the  constant  battery.  Becquerel's  arrangement,  with  certain 
modifications  introduced  subsequently  by  other  physicists,  is 
still  the  only  really  constant  battery  in  existence,  and  the 
one  that  is  more  useful  than  any  other  for  the  medical  appli- 
cation of  electricity. 

DanieWs  battery  (fig.  21,  p.  2?)  is  a  modification  of 
Becquerel's,  and  consists  of  a  cylinder  of  zinc,  a,  immersed  in 
a  mixture  of  one  part  of  sulphuric  acid  and  eight  parts  of 
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water  ;  and  a  copper  cylinder,  6,  placed  in  a  concentrated  solu- 
tion of  cupric  sulphate.  The  chemical  decomposition  which 
takes  place  in  this  pair  is  exactly  the  same  as  in  Becquerel's  ; 
but  it  has  the  advantage  of  having  a  diaphragm  of  porous 
earthenware,  which  is  not  so  easily  spoilt  as  one  of  bladder, 
and  which  can  be  conveniently  employed  in  the  form  of  a 
vessel ;  besides  which  the  zinc  of  the  pair  is  amalgamated, 
which  prevents  its  being  attacked  at  a  time  when  the  poles  of 
the  battery  are  not  united  by  a  conductor,  without  in  any  way 
diminishing   the    effect  of  the  zinc   in  the  production   of 


Fig.  21. — Daneill's  Battery, 


electricity.  The  ordinary  zinc  of  commerce  is  impure  from  the 
admixture  of  other  metals,  and  its  surface  is  therefore  never 
completely  homogeneous.  This  gives  rise  to  local  galvanic 
currents  when  it  is  immersed  in  acidulated  water,  whereby  the 
metal  is  rapidly  destroyed.  By  amalgamation  the  surface  of 
the  zinc  is  rendered  pure  and  homogeneous,  and  it  becomes 
more  strongly  positive  than  it  was  before.  The  best  way  to 
amalgamate  zinc  is  to  immerse  it  in  diluted  sulphuric  acid, 
after  which  a  solution  of  mercury  in  nitro-hydrochloric  acid 
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is  painted  over  it  with  a  camel-hair  brush.  The  solution  of 
mercury  is  made  by  gently  heating  four  parts  of  mercury 
in  five  parts  of  nitric  and  fifteen  parts  of  hydrochloric  acid, 
after  which  twenty  parts  of  hydrochloric  acid  are  added  to 
the  mixture. 


Daniell's  battery  is  distinguished  for  its  constancy,  and 
the  ease  with  which  it  is  kept  in  order.  In  course  of  time, 
however,   the  porous  diaphragm    becomes  obstructed  with 
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crystals  of  sulphate  of  zinc,  and  therefore  offers  more  resist- 
ance to  the  passage  of  the  current ;  besides  which,  by  the 
precipitation  of  copper  in  a  finely  divided  state  on  the  zinc, 
local  currents  are  formed,  by  which  the  zinc  is  further  at- 
tacked, and  the  constancy  of  the  battery  impaired.  It  has 
therefore  to  be  cleaned,  and  requires  a  fresh  supply  of  cupric 
sulphate  from  time  to  time. 

Grove's  Battery, — In  Grrove's  battery,  which  is  one  of  the 
most  powerful  that  have  been  constructed,  the  copper  is  re- 


EiG.  23. — Grove's  Battery. 

placed  by  platinum,  which  forms  the  positive  pole,  and  the 
solution  of  cupric  sulphate  by  nitric  acid.  Amalgamated 
zinc  is  immersed  in  sulphuric  acid  diluted  with  ten  times  its 
bulk  of  water,  and  both  liquids  are  separated  by  a  porous 
diaphragm  of  unglazed  porcelain.  Nitric  acid  contains  a 
large  quantity  of  oxygen,  whereby  the  intensity  of  the  cur- 
rent is  increased,  and  is  a  better  conductor  than  cupric 
sulphate,  so  that  the  current  is  more  easily  transmitted. 
The  hydrogen  resulting  from  the  decomposition  of  water  is 
not  set  free  upon  the  platinum,  but   changes  nitric  acid  into 
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nitrous  acid  ;  while  zinc  is  oxidised  by  the  nascent  oxygen, 
and  sulphate  of  zinc  remains  in  solution.  The  action  of 
this  battery  is  arrested  in  a  comparatively  short  time  by 
further  chemical  changes  which  take  place  in  the  nitric 
acid ;  copious  red  fumes  are  given  off,  which  are  most  irri- 
tating to  the  air-passages,  and  at  last  the  acid  enters  into 
ebullition.  Grrove's  battery  is  therefore  not  suited  for  medical 
practice. 

Bunaen's  Battery  differs  from  Grove's  in  this  particular, 
that  carbon,  which  is  more  negative  and  much  cheaper  than 
platiniun,  is  substituted  for  the  latter  metal.     In  the  original 


Fig.  24. — Bunsen's  Battery. 

battery  a  cylinder  of  carbon,  which  is  open  at  the  bottom,  is 
placed  in  a  cylinder  of  glass,  and  a  porous  diaphragm  of  un- 
glazed  porcelain,  containing  the  zinc,  is  placed  in  the  cylinder 
of  carbon  ;  nitric  acid  is  then  filled  in  between  the  glass  and 
the  carbon,  and  diluted  sulphuric  acid  into  the  porous  dia- 
phragm containing  the  zinc.  Bunsen's  battery  has  lately 
been  considerably  modified,  and  constitutes  now  one  of  the 
most  useful  arrangements  for  medical  practice.  In  this 
battery  carbon  is  the  positive,  and  zinc  the  negative  pole. 

In  Smee's  pair,  plates  of  platinised  silver  or  platinum  are 
substituted  for  carbon.  Metals  are  platinised  by  immersing 
them  in  a  solution  of  chloride    of  platinum.     Experience 
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shows  that  thereby  the  hydrog'en  is  to  a  great  extent  pre- 
vented from  adhering  to  the  negative  metals,  so  that  polari- 
sation is  not  so  rapidly  produced  as  it  would  be  otherwise. 
Smee's  pair  has  only  one  exciting  liquid,  viz.,  sulphuric  acid 
diluted  with  seven  parts  of  water,  and  is  not  nearly  as 
constant  as  Daniell's.  Silver  is  the  positive,  and  zinc  the 
negative  pole  of  Smee's  battery. 

In  Boulay's  battery  the  copper  is  immersed,  not  in  a 
solution  of  cupric  sulphate,  but  in  a  solution  of  nitrate  of 
potassium  mixed  with  an  equal  quantity  of  cupric  sulphate  ; 
while  the  zinc  is  immersed,  not  in  diluted  acid,  but  in  a 
■solution  of  chloride  of  sodium,  mixed  with  an  equal  quan- 
tity of  flower  of  sulphur.  Both  liquids  are  separated  by  a 
porous  membrane.  The  chemical  action  which  goes  on  in 
this  battery  is  as  follows  : — Water  is  decomposed  as  usual, 
whereupon  oxygen  goes  to  the  zinc  to  form  zinc-oxide,  and 
to  the  sodium  to  form  protoxide  of  sodium ;  while  chlorine 
goes  to  the  zinc  to  form  zinc-chloride.  The  hydrogen 
which  is  set  free  is  attracted  to  the  copper  ;  but  before  it 
arrives  there,  it  is  met  by  the  mixture  of  cupric  sulphate 
and  nitrate  of  potassium  ;  cupric  sulphate  is  decomposed 
as  in  Daniell's  battery,  the  reduced  copper  being  deposited 
on  the  copper  pole.  Oxygen  and  part  of  the  sulphuric  acid 
proceed  towards  the  zinc,  which  they  transform  into  zinc- 
sulphate  ;  another  portion  of  the  sulphuric  acid,  however, 
combines  with  the  protoxide  of  potassium  of  the  nitre, 
forming  sulphate  of  potassium,  whereby  a  certain  quantity 
of  nitric  acid  is  set  free,  which  has  considerable  power  as  an 
electro-motor.  According  to  M.  Boulay  this  battery  will 
remain  in  working  condition  for  eighteen  months  consecu- 
tively, without  there  being  any  necessity  to  recharge  it,  and 
it  is  used  for  working  the  great  organ  of  the  church  of  Notre- 
Dame-de-Paris  with  satisfactory  results. 
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Fig.  25. 


Marie-Davy  has  invented  four  different  kinds  of  constant 
batteries,  viz.,  one  with  neutral  sulphate  of  mercury,  another 
with  acid  sulphate  of  mercury,  a  third  with  sulphate  of  lead, 
and  a  fourth  with  chloride  of  silver. 

a.  The  neutral  sulphate  of  mercury  battery  consists  of 
carbon,  c,  immersed  in  a  paste  formed  of  the  neutral  sul- 

+  phate,  contained  in  a  porous  vase,  d,' 
and  of  an  external  cylinder  of  zinc,  z, 
which  is  contained  in  an  external  vase, 
V,  surrounded  by  water.  The  neutral 
sulphate  of  mercury  is  by  water  re- 
solved into  a  soluble  acid  salt,  and  an 
insoluble  basic  salt.  From  this  the 
mercury  passes  off  to  the  zinc,  which 
is  thus  kept  amalgamated.  Oxygen 
and  sulphuric  acid  are  set  free  and  combine  with  the  zinc ; 
but  a  portion  of  the  oxygen  unites  with  the  nascent  hydro- 
gen to  form  water,  metallic  mercury  and  oxide  of  mercury 
being  precipitated  at  the  bottom  of  the  porous  vase. 

b.  The  acid  sulphate  of  mercury  battery  is  the  same  as 
the  preceding  one,  only  with  this  difference,  that  the  acid 
salt  is  substituted  for  the  neutral  salt  of  mercury.  The 
acid  salt  is  not  only  easily  soluble  in  water,  but  also  con- 
tains more  sulphuric  acid  than  the  neutral  one,  the  formula 
for  the  former  being  HgS04  +  2S03,  while  that  for  the 
latter  is  HgSO*.  From  this  it  results  that  the  acid  sulphate 
of  mercury  battery  gives  a  stronger  current  than  the  neutral 
salt  battery  ;  on  the  other  hand  it  is,  just  on  account  of  this 
circumstance,  not  very  constant. 

c.  The  sulphate  of  lead  battery  consists  of  a  zinc  plate,  z, 
and   a   copper   plate,  c,  separated  by  a  porous  vase,    and 
immersed  into  a  paste   of  sulphate  of  lead,  to  which   some  . 
chloride  of  sodium  has  been  added.     Sulphate  of  lead  is 
nearly  insoluble  in  water,  for  at  a  temperature  of  60°,  not 
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less  than  31,062  parts  of  water  are  required  to  dissolve  one 
part  of  sulphate  of  lead.  In  consequence  of  this,  the  current 
furnished  by  this  battery  is  very  feeble,  but  very  constant. 

d.  The  chloride  of  silver  battery  was  invented  by  Marie- 
Davy  in  1859,^  and  it  therefore  appears  singular  that  the 
credit  of  its  construction,  such  as  it  is,  should  have  been 
claimed  nine  years  later  by  Dr.  Warren  de  la  Rue,^  and  M. 
Pincus,3  of  Konigsberg.     It  consists  of  a  rod  of  zinc  (z\  and 
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EiG,  26. — Chloride  of  Silver  Battery. 

a  silver  cup,  or  muslin  bag,  containing  chloride  of  silver  (y), 
which  is  suspended  on  a  silver  wire,  both  being  immersed 
into  salt  water  or  diluted  sulphuric  acid.  Argentic  chloride 
is  a  dark  greyish  powder,  which  is  totally  insoluble  in  water. 
It  is,  however,  reduced  by  the  nascent  hydrogen,  hydrochloric 
acid  being  formed  and  metallic  silver  being  deposited  in  a 
finely  pulverised  state  in  the  cup  or  bag.  The  action  of  the 
battery  is  arrested  when  all  the  chloride  of  silver  has  been 
reduced. 

Amongst  the  more  recently  invented  batteries,  Leclanche's 

'  Comptes  rendus,  1868,  vol.  Ixvii.  p.  794. 

^  Poggendorff's  Annalen,  vol.  cxxxv.  1868,  p.  167. 

^  Comptes  rendus,  vol.  xlix.  1859. 
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has  attracted  a  great  deal  of  curiosity  and  attention.  There 
can  be  no  doubt  that  Leclanche's  arrangement  is  the  most  con- 
stant which  is  known,  as  far  as  the  length  of  time  is  concerned 
during  which  action  is  still  perceptible.  During  our  recent 
stay  in  Paris,  M.  Tripier  showed  us  a  Leclanche,  which  had 
been  charged  four  years  ago,  and  had  never  been  touched 
since,  but  which  still  gave  signs  of  considerable  galvanic 
activity.     The  Leclanche  pair  consists  of  a  cylinder  of  zinc 


Fig.  27. — Leclanche  s  Battery. 

immersed  in  a  concentrated  solution  of  chloride  of  ammonium, 
and  a  rod  of  gas-carbon  packed  with  coarsely  powdered  gas- 
carbon  and  small  pieces  of  pyrolusite  (native  peroxide  of 
manganese)  in  a  porous  cell.  The  vase  is  closed  with  a 
cover,  through  which  the  rod  of  carbon  may  pass,  and  which 
has  two  small  openings  for  allowing  the  access  of  air  and 
the  escape  of  the  hydrogen  and  ammonia  formed  by  the 
electrolytic  action  of  the  battery.  The  chemical  process 
which  takes  place  in  Leclanche's  pair  is  therefore  the  fol- 
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lowing  :  the  solution-  of  chloride  of  ammonium  is  decom- 
posed, chlorine  combines  with  the  zinc,  hydrogen  is  absorbed 
by  the  oxygen  of  the  pyrolusite,  and  ammonia  is  set  free. 
This  is  at  first  absorbed  by  the  water ;  but,  as  soon  as  the 
water  is  saturated  with  it,  the  ammonia  escapes  into  the 
atmosphere  through  the  apertures  of  the  cover.  Leclanche's 
pair  gives  an  abundant  supply  of  electricity.  According  to 
Beetz,  its  electro-motor  power  is  1.167,  Daniell's  power  being- 
put  at  1 . 

Prince  Bagration^s  constant  battery  consists  of  zinc  and 
copper  immersed  in  a  vase  filled  with  earth,  which  latter  is 
moistened  with  a  solution  of  chloride  of  ammonium. 

The  Water  Battery. — Extensive  water  batteries  have  been 
constructed  by  Messrs.  Crosse,  Noad,  and  Grassiot.  Crosse's 
battery  consists  of  2,500  copper  and  zinc  cylinders,  immersed 
in  water,  enclosed  in  glass  jars,  insulated  on  glass  stands,  and 
well  protected  from  dust  and  light.  Thirty  of  these  pairs 
give  a  slight  spark  ;  130  open  the  gold  leaves  of  the  electro- 
meter about  half  an  inch  ;  250  cause  the  gold  leaves  to 
strike  their  sides;  500  slightly  cauterise  the  skin;  1,200 
give  a  powerful  shock.  When  the  opposite  poles  of  2,400 
pairs  are  connected  with  the  inner  and  outer  coatings  of  a 
battery  of  Leyden  jars,  a  continual  charge  is  kept  up,  each 
discharge  being  accompanied  with  a  loud  report  which  may 
be  heard  at  a  considerable  distance.  The  discharges  pierce 
stout  leather  paper  and  deflagrate  silver  leaf,  while  light  sub- 
stances are  attracted  from  a  distance  of  some  inches.  Grassiot's 
water  battery  is  even  more  powerful,  and  consists  of  3,520 
pairs  of  zinc  and  copper  cylinders. 

These  batteries  require  nothing  but  the  addition  of  or- 
dinary water  to  make  up  for  that  which  is  lost  by  evapora- 
tion, and  will  keep  in  good  condition  for  years.  They  are, 
however,  totally  unfit  for  medical  use,  partly  because  they 
take  up  a  very  large  space  and  are  very  troublesome  to  build 
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lip,  and  partly  because  their  electrolytic  and  catalytic  effects 
are  very  insignificant,  owing  to  the  bad  conducting  power  of 
the  water.  The  current  has  therefore  to  overcome  an  im- 
mense resistance  in  order  to  arrive  at  the  poles  ;  and  thus 
by  far  the  largest  portion  of  the  electricity  that  is  developed 
is  checked  in  its  passage,  while  the  small  quantity  which 
passes  is  in  a  high  state  of  tension.  For  medical  use,  how- 
ever, just  the  opposite  is  required,  viz.  a  large  quantity  and 
comparatively  little  tension. 

The  constant  batteries,  arranged  for  medical  use,  will  be 
described  in  the  third  chapter. 

A  combination  of  two  metals  immersed  in  or  moistened 
by  a  liquid,  is  called  an  open  circuit.  The  circuit  is  closed 
if  the  two  metals  be  connected,  apart  from  the  liquid,  by 
means  of  a  metal  wire,  which  latter  is  called  the  conjunctive 
wire  or  arch.  This  wire  is  a  better  conductor  of  electricity 
than  the  liquid,  and  the  two  contrary  electricities,  therefore, 
which  are  liberated  by  the  electro-motive  force,  travel 
towards  each  other  through  this  wire  to  neutralise  each 
other.  The  production  of  electricity  in  a  galvanic  pair 
being  continuous,  the  conjunctive  wire  is  therefore  traversed 
by  a  continuous  galvanic  current^  as  long  as  any  chemical 
action  takes  place  in  the  pair. 

Any  current  furnished  by  a  galvanic  battery,  without  the 
intervention  of  a  coil  of  wires  and  a  magnet,  is  a  continuous 
current ;  but  a  constant  current  is  only  that  kind  of  con- 
tinuous current  which  is  furnished  by  the  constant  batteries. 
Thus,  the  old  voltaic  pile  furnishes  a  continuous,  but  not 
a  constant,  current ;  whilst  Daniell's  and  Bunsen's  batteries 
yield  a  constant  current,  which  of  course  is  at  the  same  time 
continuous. 

Direction  of  the  Current. — In  each  galvanic  pair  there 
are  two  currents,  viz.  a  positive  one  travelling  towards  the 
negative   pole,  and  a  negative  one  travelling  towards  the 
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positive  pole.  In  order  to  avoid  mistakes,  however,  it  has 
been  generally  agreed  to  take  only  the  positive  current  into 
consideration.  The  easiest  way  to  show  the  direction  of  the 
current  in  any  galvanic  battery,  is  to  electrolyse  water.  The 
positive  pole  is  that  one  where  a  copper  wire  becomes  oxidised 
and  loses  its  brightness :  and  the  negative  pole  is  that  one 
where  the  metallic  lustre  remains,  and  bubbles  of  hydrogen 
gas  are  seen  to  rise. 

Derived  Currents. — If  in  a  closed  circuit  two  points  be 
connected  by  an  additional  conductor,  a  portion  of  the 
current  is  drawn  off  or  '  derived  '  by  the  latter.  The  current, 
as  it  existed  before  the  derivation  was  established,  is  termed 
the  primitive  current ;  the  additional  conductor,  derivation 
wire,  and  the  portion  of  the  current  that  passes  by  this 
wire,  the  derived  current.  The  intensity  of  a  derived 
current  is,  of  course,  much  more  feeble  than  that  of  the 
primitive  current. 

Electrolysis. — Nicholson  and  Carlisle  discovered,  in  1800, 
that  a  voltaic  current  may  decompose  water  at  a  distance 
from  its  place  of  generation.  When  the  conducting  wires 
of  the  voltaic  pile  are  immersed  in  a  vessel  containing 
water,  it  is  found  that  the  quantity  of  water  is  gradually 
diminished,  and  that  oxygen  is  attracted  to  the  positive  pole, 
where  the  current  enters,  while  hydrogen  appears  at  the 
negative  pole,  where  the  current  leaves  the  liquid.  Again, 
if  a  solution  of  table-salt  be  subjected  to  the  action  of  the 
current,  not  only  the  water,  but  also  the  chloride  of  sodium, 
are  decomposed  ;  and  chlorine  and  oxygen  accumulate  at  the 
positive,  while  hydrogen  and  sodium  go  to  the  negative  pole. 
A  piece  of  blue  litmus-paper  immersed  into  the  solution, 
will  facilitate  the  discovery  of  the  direction  of  the  current ; 
at  the  negative  pole,  where  alkalies  appear,  the  blue  colour 
will  be  rendered  more  intense ;  while  at  the  positive  pole, 
where  acids  are  set  free,  the  paper  is  reddened.     If  a  solution 
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of  potassic  iodide  and  starch  be  brought  under  the  influence 
of  the  current,  a  blue  colour  will  appear  at  the  positive  pole 
where  iodine  is  set  free,  while  at  the  negative  pole  the 
solution  remains  colourless.  By  using  this  decomposing 
power  of  the  voltaic  current,  Sir  Humphry  Davy  made,  in 
1807,  his  great  discoveries  concerning  the  chemical  composi- 
tion of  the  fixed  alkalies,  which  he  resolved  into  metals  and 
oxygen.  Faraday  afterwards  thoroughly  investigated  the 
whole  subject,  and  proposed  the  following  terms  in  connexion 
with  it : — Electrolysis  means  electro-chemical  decomposition, 
as  distinguished  from  analysis,  or  ordinary  chemical  decom- 
position. Electrolytes  are  chemical  compounds  which  may 
be  decomposed  by  electricity  ;  electrodes  (ways  of  electricity) 
are  the  extremities  of  the  metallic  conductors  through  which 
the  current  enters  into,  and  passes  out  of,  the  electrolyte. 
The  positive  electrode  is  the  anode,  and  the  negative  the 
cathode.  The  elements  which  appear  at  the  electrodes,  are 
ions  ;  those  which  follow  the  direction  of  the  current  of 
positive  electricity,  and  are  evolved  at  the  cathode,  such  as 
hydrogen,  the  metals,  and  the  basic  radicles  generally,  are 
cations  or  electro-positive  bodies ;  while  those  which  travel 
in  the  direction  of  the  current  of  negative  electricity,  and 
are  evolved  at  the  anode — such  as  oxygen,  chlorine,  iodine, 
bromine — and  acid  radicles  generally,  are  anions  or  electro- 
negative bodies.  The  electrolytic  effect  increases  in  propor- 
tion to  the  surface  of  the  metals,  and  the  number  of  pairs 
of  which  the  battery  is  composed. 

Substances  which  consist  of  one  equivalent  of  one  element, 
and  of  two  or  more  equivalents  of  another  element,  are  no 
electrolytes.  Chlorides,  for  instance,  such  as  chloride  of 
sodium  or  potassium,  can  be  easily  decomposed ;  while 
perchlorides,  such  as  the  perchloride  of  platinum,  resist  the 
electro-chemical  decomposition.  Sulphuric  acid,  nitric  acid, 
and  ammonia,  are  no  electrolytes,  for  the  same  reason,  but 
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they  may  be  decomposed  if  water  be  added  to  them.  Thus, 
for  instance,  if  diluted  nitric  acid  be  subjected  to  the  action 
of  the  current,  the  water  is  decomposed ;  and  hydrogen, 
which  is  developed  at  the  negative  pole,  combines  with  part 
of  the  oxygen  contained  in  the  nitric  acid,  to  form  water 
and  nitrous  acid  ;  while  oxygen  appears  at  the  positive  pole. 
In  the  same  manner,  diluted  ammonia  may  be  decomposed, 
as  oxygen  which  is  liberated  at  the  positive  pole  combines 
with  the  hydrogen  of  the  ammonia  to  form  water,  whereby 
nitrogen  is  set  free.  This  is,  however,  not  direct,  but 
secondary  electrolysis. 

On  the  whole,  very  few  chemical  compounds  can  transmit 
a  galvanic  current  without  being  decomposed  by  it ;  but  in 
order  to  be  electrolysed,  the  smallest  particles  of  these 
bodies  must  be  freely  movable  in  all  directions,  so  as  to 
be  able  to  obey  the  laws  of  electrical  attraction  and  repul- 
sion ;  and  they  must  therefore  be  gases,  liquids,  or  semi- 
solids. 

In  1866  and  1867,  I  made  a  series  of  microscopical  obser- 
vations on  the  changes  which  animal  structures  undergo, 
under  the  influence  of  the  electrolytic  action  of  the  galvanic 
current.  This  department  of  microscopical  research  had 
before  then  been  quite  neglected  ;  and  knowing  the  powerful 
electrolytic  effects  of  the  constant  battery,  I  expected  to 
arrive  at  some  curious  results  in  undertaking  these  investi- 
gations. 

I  have  studied  the  action  of  the  current  upon  the  inti- 
mate structure  of  the  skin  and  cellular  tissue,  muscular 
fibres  and  tendons,  cartilages  and  bones,  liver  and  pancreas, 
spleen  and  thyroid  body,  kidneys  and  suprarenal  capsules, 
testicles,  breasts  and  ovaries.  The  general  result  of  these 
investigations  has  been  that  no  animal  tissue  whatever  can 
withstand  the  disintegrating  effect  of  the  negative  pole,  and 
that  the  force  and  rapidity  with  which  this  disintegration 
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is  brought  about  are  directly  proportional  to  the  electro- 
motive force  which  is  employed,  and  to  the  softness  and 
vascularity  of  the  structures  acted  upon.  Thus  ten  cells  of 
a  battery  have  a  more  thorough  and  rapid  effect  than  five, 
fifteen  more  than  ten,  and  so  on ;  while,  as  regards  the 
tissues,  those  containing  most  water,  such  as  the  muscles, 
the  cellular  tissue,  the  spleen,  &c.,  are  more  rapidly  disin- 
tegrated than  those  which  contain  less  fluid.  Bones  and 
teeth  withstand  the  action  of  the  current  for  a  considerable 
time. 

A  curious  and  novel  circumstance  forced  itself  early  on  my 


Fig.  28. — Muscular  fibres  before 
electrolysis.     200  x . 


Fig.    29. — The    same   after  two 
minutes  electrolysis.    200.    x  . 


attention ;  and  this  was,  that  the  electrolytic  effect  of  the 
negative  pole  on  animal  tissues  was  mainly  composed  of  two 
different  elements,  viz.  of  the  mechanical  action  of  the 
nascent  hydrogen,  which  was,  under  the  microscope,  seen  to 
rise  in  innumerable  bubbles  as  soon  as  the  circuit  was  closed, 
and  to  force  itself,  as  it  were,  between  the  structural  elements 
of  the  tissues,  driving  their  fibres  mechanically  asunder  ; 
and  secondly,  of  the  chemical  action  of  the  alkalies,  soda, 
potash,  and  lime,  which,  together  with  hydrogen,  are  de- 
veloped at  the  negative  pole  of  the  battery. 

No  galvanic  heat  is  produced  if  the  current  be  applied  in 
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such  a  manner  that  the  whole  body,  or  part  of  the  body,  or 
animal  liquids,  are  placed  within  the  circuit  of  the  battery ; 
as  is  done,  for  instance,  if  a  needle  connected  with  the  ne- 
gative pole  is  inserted  into  the  depth  of  a  tumour,  while  a 
moistened  conductor  connected  with  the  positive  pole  is 
placed  outside  on  the  skin.  This  is  proved  by  the  following 
experiment : — I  immersed  the  two  electrodes  at  a  certain 
distance  from  each  other,  into  blood,  thus  letting  the  current 
travel  from  the  positive  to  the  negative  pole,  and  vice  versa, 
and  I  then  read  off  the  temperature  at  the  poles  as  well 
as  in  the  liquid  itself,  on  a  Negretti  and  Zambra's  thermo- 
meter, the  bulb  of  which  was  in  the  liquid,  and  which  allows 
variations  of  one-tenth  of  a  degree  of  Fahrenheit  to  be  dis- 
tinctly ascertained.  It  was  seen  that  whether  I  used  five, 
ten,  fifteen,  twenty,  or  fifty  cells  of  the  battery,  no  elevation 
of  temperatvire  took  place.  The  effects  of  a  cm-rent  admi- 
nistered in  this  way  are  therefore  simply  electrolytic,  and 
have  nothing  to  do  with  thegalvanic  cautery. 

Seeing  that  such  powerful  effects  were  produced  at  the 
negative  pole  on  dead  organic  structures,  I  was  naturally 
anxious  to  enquire  what  would  be  the  effect  of  the  same  in 
the  living  body.  Having  procured  some  corjpora  villa,  viz. 
fi'ogs  and  rabbits,  I  found  that  the  effects  were,  to  a  certain 
extent,  identical  with  those  obtained  on  dead  tissues  ;  only 
with  this  difference,  that  in  the  warm-blooded  animal  the 
action  was  more  rapid  and  energetic,  which  is  explained  by 
the  fact  that  water  at  a  temperature  of  98°  conducts  elec- 
tricity better  than  water  at  60°.  While,  however,  the 
immediate  effects  of  the  current  were  nearly  the  same  in 
dead  and  living  structures,  considerable  changes  in  the 
nutrition  of  the  parts  were  observed  as  proximate  and 
remote  sequelae  of  such  operations  in  living  animals. 

It  was  then  observed  that  needles  connected  with  the 
negative  pole  of  the  battery  could  be  inserted  into,  and  re- 
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moved  from,  the  body  without  causing  any  loss  of  blood  ; 
that  the  current  used  did  not  appear  to  give  much  pain  to 
the  animal  beyond  what  was  due  to  the  introduction  of  the 
needles  to  the  skin  ;  and  that  the  parts  operated  upon  shrank 
sensibly  after  the  operation,  but  that  there  was  neither  in- 
flammation, suppuration,  nor  sloughing.  If  the  current  was 
made  to  act  upon  blood-vessels,  it  was  found  that  they  were 
filled  with  a  foreign  body,  due  to  disintegration  of  the  blood, 
and  round  which  afterwards  a  slow  deposition  of  lamellated 
fibrine  took  place  ;  they  were  thus  changed  into  solid  strings 
wherever  the  current  had  been  made  to  act.  It  appeared 
fair  to  conclude  from  these  observations,  that  the  current 
could  be  safely  and  successfully  applied  to  such  parts  of  the 
body  where  shrinking  and  disintegration  of  tissue  and  obli- 
teration of  blood-vessels  might  be  required  for  surgical 
purposes. 

The  sores  which  are  produced  in  the  skin  by  the  negative 
pole  resemble  those  caused  by  caustic  potash ;  and  the  same 
may  be  said  of  the  cicatrices,  for  these  latter  have  no  ten- 
dency to  contract,  but  are  soft  and  become  gradually  similar 
to  the  surrounding  skin,  so  that  after  some  time  no  scar  is 
perceptible,  unless  the  action  was  originally  very  prolonged 
and  very  powerful. 

The  immediate  effect  of  the  electrolytic  decomposition  of 
any  animal  liquid  is,  that  the  anode  is  oxidised  and  chlori- 
nated, and  from  a  metal  changed  into  a  metallic  salt,  since 
no  metal  can  resist  the  effects  of  oxygen  and  chlorine  in 
their  nascent  condition.  On  the  other  hand,  metals  are  not 
changed  by  hydrogen  or  free  alkali,  and  the  cathode 
therefore  retains  its  bright  metallic  aspect,  whatever  may  be 
the  power  of  the  current  used,  or  the  length  of  time  during 
which  the  action  is  kept  up.  In  using  the  cathode,  there- 
fore, we  do  not  introduce  any  foreign  substance  into  the 
liquid,  but  only  alter  its  composition ;  while,  by  using  the 
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anode,  we  may  introduce  into  it  salts  of  iron,  copper,  silver, 
gold,  or  any  other  metals  used  as  directors,  and  which 
combine  with  the  albumen  to  form  albuminates. 

The  following  phenomena  are  observed  when  the  albumen 
of  an  egg  is  subjected  to  electrolysis  : — On  immersing  a  steel 
needle  connected  with  the  cathode,  and  another  steel  needle 
connected  with  the  anode,  into  the  liquid,  a  peculiar  substance 
is  formed  round  the  cathode,  which  at  first  sight  looks  like  a 
coagulum  or  clot,  but  is  in  reality  no  clot,  but  a  sort  of 
lace-like  jelly-froth,  which  consists  of  the  smallest  particles 
of  albumen,  mechanically  disintegrated  by  the  nascent 
hydrogen,  and  chemically  altered  by  the  evolution  of  free 
alkali,  the  presence  of  which  may  be  shown  by  its  effects  on 
litmus  and  turmeric-paper.  The  principal  salines  found  in 
the  egg-albumen  are  the  chlorides,  sulphates,  and  phosphates 
of  soda,  potash  and  lime.  These  are  decomposed ;  hydro- 
chloric, sulphuric  and  phosphoric  acid  appearing  at  the 
positive  pole,  while  soda,  potash  and  lime  are  set  free  at  the 
negative  pole.  An  entirely  different  effect  from  that  at  the 
qathode  is  therefore  produced  at  the  anode,  where  the  steel 
needle  is  oxidised  ;  and  by  the  development  of  chlorine  and 
of  sulphuric  and  phosphoric  acid,  sulphate,  phosphate,  and 
chloride  of  iron  are  formed.  These  salts  impart  a  reddish- 
brown  colour  to  the  albumen,  with  which  they  form  an 
organic  compound. 

On  substituting  gold  needles  for  steel  needles  at  both 
poles,  we  perceive  that  the  effect  at  the  cathode  is  exactly 
the  same  as  that  produced  with  the  steel  needle,  while  at 
the  anode  different  phenomena  present  themselves ;  for 
there  we  have  no  longer  chloride  and  sulphate  of  iron,  but 
perchloride  of  gold,  by  which  a  greenish-blue  clot  is  pro- 
duced. If  the  nature  of  the  positive  pole  be  once  more 
changed  by  substituting  a  brass  or  copper  wire  for  the  steel 
or   gold  needle,  the  effect  is  again  different  at  the  anode, 
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where  a  whitish  clot  is  formed,  owing  to  the  action  of 
the  copper-salt  on  albumen,  while  at  the  cathode  things 
look  as  before. 

The  effects  of  the  continuous  current  on  the  album.en  of 
an  egg  are  therefore  twofold ;  viz.  first,  mechanical  disinte- 
gration of  its  substance  by  the  nascent  hydrogen,  and 
chemical  alteration  by  caustic  alkalies  at  the  negative  pole ; 
and,  on  the  other  hand,  chemical  alteration  by  chlorine  and 
acids  at  the  positive  pole.  There  is  in  such  experiments  no 
visible  development  of  oxygen  gas  at  the  positive  pole, 
because  the  oxygen  that  is  evolved  at  once  combines  with 
the  metals.  This  is  the  reason  why,  after  such  experiments, 
the  gold  needle  appears  black,  the  steel  needle  brown,  and 
the  brass  wire  greenish-black ;  while  at  the  negative  pole 
no  alteration  of  the  metals  is  observed. 

The  effects  of  the  continuous  current  on  blood  resemble 
those  produced  on  albumen,  but  are,  of  course,  modified  by 
the  presence,  in  the  former  liquid,  of  fibrine,  hasmatine  and 
iron.  This  is  the  reason  why  coagulation  takes  place  at 
both  poles,  with  only  this  difference,  that  the  negative  clot 
is  red,  soft,  and  bulky,  while  the  positive  clot  is  dark,  hard, 
and  small.  Both  clots  remain  unchanged  for  several  days, 
and  are  only  dissolved  when  putrefaction  of  the  animal 
liquid  commences.  The  clots  formed  in  arterial  blood  are 
firmer  and  less  dark  than  the  clots  formed  in  venous  blood. 
The  effects  are  otherwise  the  same,  whether  the  blood  has 
been  taken  from  arteries,  veins,  or  capillary  vessels,  and  is 
experimented  upon  in  a  cup,  or  whether  it  is  still  circulating. 

Unpolarisable  Electrodes. — A  necepsary  consequence  of 
the  fact  that  the  continuous  current  cannot  traverse  an 
electrolyte  liquid  without  decomposing  it,  is,  that  the  surface 
of  the  electrodes  immersed  in  such  a  liquid  becomes  covered 
with  deposits,  either  gaseous  or  solid.  Thus,  if  copper  wires 
})&  immersed  in  a  solution  of  table-salt,  bubbles  of  hydrogen 
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are  seen  to  encircle  the  negative  wire,  while  the  positive 
wire  is  oxidised  by  the  oxygen  developed.  The  liquid  then 
exercises  a  chemical  action  on  the  deposits  with  which  the 
surfaces  of  the  electrodes  are  covered  ;  and  thus  secondary 
currents  are  produced.  Electrodes  are  called  polarised,  if 
they  develop  a  secondary  current  in  consequence  of  having 
been  traversed  by  a  primary  current.  Polarisation  of  the 
electrodes  has  offered  considerable  impediments  to  the  study 
not  only  of  animal  electricity,  but  also  of  the  physiological 
action  of  artificial  electricity  upon  the  animal  tissues.  It 
may  be  to  some  extent  prevented  by  frequently  wiping  the 
electrodes,  but  is  completely  avoided  only  by  using  for  the 
conveyance  of  the  current  pieces  of  pure  zinc  immersed  in  a 
solution  of  sulphate  of  zinc  in  equal  parts  of  water.  This 
was  discovered  by  M.  Eegnaidd.^  Matteucci^  afterwards 
found  that  the  common  zinc  of  commerce,  if  properly  amal- 
gamated, has  the  same  property.  Du  Bois-Eeymond  ^  has 
shown  that  copper  immersed  into  a  concentrated  solution  of 
cupric  sulphate  is  nearly  unpolarisable,  but  is  not  so  homo- 
geneous as  amalgamated  zinc ;  and  that  zinc  is  also  impolar- 
isable  if  immersed  into  a  syrupy  solution  of  chloride  of 
zinc. 

Electric  Endosmiosis. — M.  Reuss,  of  Moscow,  has  discovered 
that  when  a  porous  diaphragm  is  placed  in  a  liquid  traversed 
by  a  continuous  current,  the  liquid  will  pass  through  the 
diaphragm  in  the  direction  of  the  positive  cuiTent.  M. 
Porret  has  called  this  proc*^ss  '  electric  endosmosis,'  and  it 
has  been  studied  chiefly  by  Heidenhain,  Jiirgensen,  Wiede- 
mann, and  Quincke.  The  latter  found  that  with  a  feeble 
current  there  are  two  modes  of  propagation  of  solid  particles 
which  are  suspended  in  liquids  :  the  particles  near  the  sides 
of  the  tube  move  towards  the  positive  pole,  and  those  in  the 

»  Comptes  rendus,  1854,  p.  891.  «  Ibid.  1856,  p.  1054. 

^  Monatsberichte  der  Eerliner  Atademie,  1869. 
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centre  of  the  tube  move  towards  the  negative  pole.  By- 
increasing  the  intensity  of  the  current,  the  particles  in  the 
centre  are  caused  to  move  more  rapidly  towards  the  negative 
pole,  while  those  near  the  sides  move  partly  towards  the 
negative,  and  partly  towards  the  positive  pole ;  the  larger 
ones  taking  the  direction  towards  the  positive,  and  the 
smaller  towards  the  negative  pole.  By  further  increasing 
the  intensity  of  the  current,  all  particles  are  made  to  move 
towards  the  negative  pole,  whatever  may  be  their  size  or 
position. 

Galvanometer. — 'The  quantity  of  electricity  evolved  by  a 
galvanic  pair  may  be  measured  by  the  quantity  of  hydrogen 
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Fig.  30. — The  Galvanometer. 

and  oxygen  evolved  electrolytically  in  a  given  space  of  time. 
But  the  magnetic,  calorific,  and  other  effects  of  the  current, 
are  not  proportional  to  its  chemical  power ;  and,  for 
measuring  these  accurately  and  quickly,  it  is  necessary  to 
have  recourse  to  the  magnetic  action  itself.  This  is  done 
by  employing  a  galvanometer.  The  ordinary  galvanometer 
consists  of  a  magnetic  needle,  placed  between  the  two  arms 
of  the  conducting  wire  of  the  battery  bent  back  upon  itself. 
As  long  as  no  current  passes  through  the  wire,  the  needle 
remains  quiescent,  but  is  deflected  on  closing  the  circuit. 
The  angle  of  deflection  obtained  is,  to  some  extent,  pro- 
portionate to  the  intensity  of  the  current ;  but  this  instru- 
ment is  really  not  much  more  than  a  galvanoscope.  It  is 
true   that  it  will   indicate  the  existence  of  a  very  feeble 
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ciu'rent,  and  also  give  an  approximative  indication  of  its 
strengtli  by  the  magnitude  of  the  angle  to  which  it  is 
deflected ;  but  the  latter  is  not  really  proportionate  to  the 
strength  of  the  current.  For  accurate  measurement,  there- 
fore, the  tangent  galvanoineter  or  tangent  compass  is  re- 
quired. Fig.  31  represents  the  tangent  galvanometer  which 
I  use  in  connection  with  Muirhead-Daniell's  battery.  The 
current  is  here  made  to  pass  through  a  broad  circular  band 
of  copper,  in  the  centre  of  which  is  the  magnetic  needle. 
The  length  of  the  needle  is  so  proportioned  to  the  diameter 


Fig.  31. — Pole-board  of  Muirhead-Daniell's  battery  as  used  by  the  author. 


of  the  band  that  the  distance  of  the  end  of  the  needle  from 
the  band,  and  consequently  the  action  of  the  current  upon 
it,  is  the  same  at  all  angles  of  deflection.  This  instrument 
is  so  placed  that  the  p]ane  of  the  band  coincides  with  the 
magnetic  meridian. 

Multiplier. — A  very  feeble  current  does  not  cause  a 
deflection  unless  its  action  on  the  magnet  be  increased ;  this 
may  be  done  by  coiling  the  wire  several  times  round  the 
needle,  and  insulating  it  so  that  the  current  cannot  pass 
directly  through  the  whole   mass,  but   has   to  traverse  the 
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circuitous  route  of  the  coil.  The  more  numerous  the  convo- 
lutions of  the  wire,  the  greater  is  the  action  of  the  current 
upon  the  needle.  A  contrivance  of  this  kind  has  been 
termed  a  Tuultiplier,  as  it  multiplies  the  effects  of  the 
galvanic  ciurent.  This  instrument  was  invented  by 
Schweigger,  and  first  employed  in  electro-physiological 
researches  by  M.  Nobili.  Du  Bois-Reymond  has  constructed 
multipliers  of  the  utmost  sensitiveness,  by  means  of  which 
he  was  enabled  to  detect  the  presence  of  electric  currents  in 
almost  all  the  tissues  of  the  animal  body.  For  showing  the 
nervous  current,  a  multiplier  of  11,000  convolutions  was 
found  necessary  ;  and,  for  showing  the  muscular  current 
in  the  living  man,  one  of  24,000  convolutions  had  to  be  em- 
ployed. 

Quantity,  intensity,  density. — The  intensity  of  the  con- 
tinuous current  corresponds  to  the  quantity  of  electricity 
which  traverses  the  circuit ;  and  this  is  proportionate  to 
the  surface  of  the  galvanic  pair,  and  to  the  degree  of 
chemical  affinity  which  exists  between  the  different  sub- 
stances composing  the  battery.  It  is  the  same  in  all  points 
of  the  circuit,  and  in  all  parts  of  the  transverse  section  of 
the  conjunctive  wire.  The  intensity  undergoes  no  altera- 
tion if  the  transverse  section  of  one  portion  of  the  wire  be 
diminished  ;  but  the  electricity  which  moves  within  a  given 
space  of  time  through  a  reduced  transverse  section  of  the 
wire,  must  be  in  a  state  of  greater  density  than  that  passing 
through  the  larger  transverse  section  of  the  wire.  Thus,  if 
I  denotes  the  intensity  of  the  current,  D  its  density,  and  T 
the  transverse   section  of  the  conjunctive  wire,  the  formula 

D  =  y-  will  be  obtained,  that  is  to  say,  the  density  of  the 

electricity  is  equal  to  the  intensity  of  the  current  divided  by 
the  transverse  section  of  the  conjunctive  wire. 

Resistance;    Conducting   Power. —  We    have   seen    that 
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■when  the  poles  of  a  pair  are  connected  by  a  conjunctive 
wire,  the  two  contrary  electricities,  which  are  liberated  by 
the  electro-motive  force,  travel  towards  each  other  to 
neutralise  each  other ;  but  in  no  battery  do  we  ever  obtain, 
in  the  form  of  a  current,  the  whole  amount  of  electricity 
that  is  produced  by  the  chemical  action  of  the  substances  in 
circuit ;  since  the  quantity  of  electricity  in  circulation  must 
be  always  less  than  that  which  would  traverse  a  perfectly- 
conducting  conjunctive  wire.  "While,  therefore,  the  quantity 
of  electricity  produced  depends  upon  the  intensity  of  the 
electro-motive  force,  the  quantity  of  electricity  that  is 
travelling,  and  may  be  collected,  depends  upon  the  resistance 
offered  to  the  passage  of  the  electricity  through  conducting 
bodies,  and  upon  the  tension  with  which  the  electricity  is 
driven  through  the  conjunctive  wire. 

All  bodies  through  which  an  electric  current  is  propa- 
gated offer  a  certain  resistance  to  its  passage,  and  conse- 
quently diminish  its  intensity.  There  are  no  absolutely 
perfect  conductors  of  electricity.  If  the  magnetised  needle 
of  a  galvanometer  be  brought  into  the  circuit  of  a  battery, 
it  suffers  a  deflection ;  but  if  we  interpose  between  the  poles 
copper  or  silver  wires,  which  are  the  best  electric  conductors, 
the  deflection  of  the  needle  appears  less  considerable  than 
before ;  showing  that  the  power  of  the  current  has  been 
diminished  by  their  interposition. 

Ohm's  Law. — Professor  Ohm,  of  Nuremberg,  has  mathe- 
matically investigated  the  circumstances  which  influence 
the  quantity  of  electricity  that  may  be  obtained  from  a 
galvanic  circuit,  and  has  established  the  law,  that  the  inten- 
sity of  the  current  is  directly  proportional  to  the  electro- 
motive foi'ce,  and  inversely  proportional  to  the  resistance; 
this  is  equivalent  to  saying  that  the  intensity  of  the  current 
is  directly  proportional  to  the  electro-motive  force  divided 
by   the   resistance.      Thus,   if  I    denotes   intensity,  E  the 

E 
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electromotive    force,   and   E    the    resistance,   the    following 

E 
formula  is  obtained  :  I  r=  -— . 

The  resistance  of  a  galvanic  battery  consists  of  two  parts, 
viz.  that  of  the  pair  itself,  which  is  called  internal  or  essen- 
tial resistance  ;  and  that  of  the  conjunctive  wire,  which  is 
called  the  external  or  non-essential  resistance.  Internal 
resistance  is  that  which  the  voltaic  current  experiences  in 
forcing  its  way  through  the  battery  itself,  and  external  resist- 
ance that  which  is  offered  by  the  external  conductor  which 
joins  the  two  poles.  The  latter  consists  either  entirely  of  metal, 
or  partly  of  metal  and  partly  of  electrolytic  liquids,  such  as 
water,  a  solution  of  chloride  of  sodium,  &c.  If  we  now  put 
R  as  essential  resistance,  and  r  as  non-essential  resistance, 
the  following  formula  is  obtained  : 

1  =  ^- 

R  +  r 

In  a  battery  consisting  of  a  considerable  number  of  pairs, 
the  electro-motive  force  becomes  nE,  and  the  internal  re- 
sistance nR.  Now,  supj)osing  the  external  resistance  of  the 
■wire  on  the  electrolytic  liquids  to  remain  the  same  as  before, 
we  obtain  the  third  formula : 

J  _     nE 

nR  +  r' 

If  r  be  small,  as  when  the  circuit  is  closed  by  a  short 
and  thick  wire,  the  quantity  of  electricity  developed  by  n 
cells  is  the  same  as  that  which  is  set  free  by  a  single  pair  of 
the  same  size.  But  when  r  is  considerable,  as  when  the 
circuit  be  closed  by  more  imperfect  conductors,  such  as  a 
long  and  fine  wire,  or  electrolyte  liquids,  the  intensity  of 
the  current  increases  proportionately  to  the  number  of  pairs. 
These  theoretical  considerations  are  of  importance,  because 
we  shall  see  presently  that  the  human  body  must,  as  far  as 
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conduction  is  concerned,  be  looked  upon  as  an  electrolyte 
liquid. 

The  intensity  of  tlie  galvanic  current  can  be  increased  or 
diminished  by  altering  E,  K  and  r.     E  may  be  increased  by 
selecting  metals  as  far  as  possible  removed  from  each  other 
in   their   polarity ;  K  may  be  increased  by  increasing  the 
length  of  the  metals  composing  the  pair  and  the  length  of 
the  liquid  contained  in  the  cell ;  and  it  may  be  diminished 
by  increasing    the    transverse   section  of  the  pair,  and  by 
selecting  particularly  well-conducting  liquids  for  exciting  the 
action  of  the  pair.     Finally  r  may   be  increased  by  using 
long  and  fine    wires  of  imperfectly-conducting  metals,  or 
electrolyte  liquids ;    and   it    may  be    diminished    by  using 
short  and  thick  wires  of  well-conducting  metals.     Where 
therefore,  the  resistance  of  animal  tissues   or  liquids  has  to 
be  overcome,  we  must  use  a  considerable  number  of  pairs  of 
moderate  size,  containing  a  well-conducting  liquid,  and  con- 
ducting wires  of  silver  or  copper,  of  moderate  length,  and  a 
somewhat  considerable  transverse  section.     This  is  the  case 
when  we  use  the  constant  current  in  medicine,  for  percuta- 
neous applications  to  the  nervous  centres,  and  the  peripheral 
nerves    and   muscles,    and    likewise    for  the    electrolysis   of 
tumours.     On  the  other  hand,  totally  different  arrangements 
must  be  made  for  using  the  galvanic   cautery.     There  it  is 
necessary  to  increase  the  resistance,  and  we  therefore  use  a 
few  very  large  cells,  and  select  a  conducting  wire  of  some- 
what low  conducting  power,  viz.  platinum,  which  may  be 
easily  rendered  incandescent  by  the  current,  and  has  then 
the  same  effect  as  the  actual  cautery. 

The  resistance  of  bodies  varies  according  to  their  chemical 
nature,  temperature,  and  form.  Eesin,  glass,  and  sulphur 
are  the  worst,  and  metals  the  best  conductors.  Of  the  latter 
silver  is  the  best,  and  mercury  the  worst ;  after  silver  ranks 
copper,   which    conducts  better   than  gold  ;    gold   conducts 

E  2 
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better  than  iron ;  iron  better  than  platinum ;  platinum 
better  than  lead.  The  resistance  is  especially  great  if  the 
current  pass  from  a  liquid  to  a  solid,  or  from  a  solid  to  a 
liquid.  Liquids  conduct  much  worse  than  metals ;  but 
elevation  of  temperature  increases  their  conducting  power, 
whilst  heat  diminishes  the  conductivity  of  metals.  The  re- 
sistance offered  by  a  concentrated  solution  of  cupric  sulphate 
to  the  passage  of  the  current  is  sixteen  million  times 
greater  than  that  offered  to  it  by  metallic  copper ;  and  the 
resistance  of  distilled  water  is  four  hundred  times  greater 
than  that  offered  by  the  solution  of  cupric  sulphate.  '  There- 
fore a  current  will  pass  more  easily  through  a  copper  wire 
ten  thousand  miles  long  than  through  a  layer  of  water  one 
inch  long. 

The  following  table  shows  the  resistance  of  some  of  the 
substances  which  are  generally  used  in  electrical  observa- 
tions, their  temperature,  length,  and  transverse  section  being 
the  same. 

Silver       ........  1-000 

Chenaically  pure  copper 1;065 

Commercial  copper  .         .         .         .         .         .  1-270 

Brass 5-372 

Iron         ........  6-767 

Platinum 9-590 

Mercury 29-238 

Sulphuric  acid 761,732-000 

A  solution  of  cupric  sulphate,  con-\  .  .  ^^^  OOO-OOO 

taining  20  per  cent,  of  the  salt   j         '         "         '       ' 

The  conducting  power  of  bodies  does  not  only  depend 
upon  their  chemical  nature  and  temperature,  but  also  upon 
their  form.  If  an  electric  current  of  the  same  intensity  be 
made  to  pass  through  wires  of  the  same  metal  and  diameters 
but  of  different  length,  we  find  that  it  loses  power  in  propor- 
tion to  the  length  of  the  wires  through  which  it  is  caused  to 
pass.  If,  on  the  other  hand,  the  current  be  sent  through 
wires  of  the  same  metal  and  length,  but  of  different  diameter, 
its  power  is  increased  in  proportion  to  the  diameter  of  the 
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wires.  Thus,  for  instance,  a  copper  wire  a  hundred  feet  long 
and  the  twelfth  of  an  inch  in  diameter,  offers  the  same  re- 
sistance as  a  copper  wire  two  hundred  feet  long  and  a  sixth 
of  an  inch  in  diameter.  Again,  the  resistance  offered  by  the 
arm  of  a  man  is  nearly  the  same  as  that  offered  by  the  leg  ; 
since  both  the  length  and  the  diameter  of  the  leg  are  nearly 
double  those  of  the  arm. 

An  important  instrument  for  measuring  the  resistance  of 
conductors  is  the  rheostat  or  current-regulator.  A  variety  of 
such  instruments  have  been  constructed,  but  they  all  have 
one  feature  in  common,  and  that  is,  that  a  conducting  wire 
is  introduced  into  the  circuit,  the  length  of  which  may  be 
vaiied  at  pleasure,  without  making  any  alteration  in  the  rest 
of  the  circuit. 

Professor  Wheatstone  has  constructed  two  rheostats,  one 
for  strong,  and  another  for  feeble  resistances.     The  one  for 


Fio.  32.  ^ 

strong  resistances  consists  of  two  cylinders,  6,  %v,  placed  with 
their  axes  parallel  to  each.  The  cylinder  iv  is  made  of  wood, 
and  is  furnished  with  a  line  screw,  around  which  is  coiled  a 
fine  brass  wire ;  6  is  a  cylinder  made  of  brass,  and  is  con- 
nected with  one  end  of  the  wire,  the  other  end  of  which  is 
connected  with  a  brass  ring  fixed  to  the  wooden  cylinder. 
On  the  wood  the  wire  is  insulated,  as  dry  wood  is  no  con- 
ductor, while  on  the  brass  cylinder  it  is  not  insulated.     The 
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battery  current  enters  at  jp,  n,  and  a  movable  handle  h, 
serves  to  turn  the  cylinders  alternately  round  their  axes. 

If  b  is  turned  to  the  right,  the  wire  is  uncoiled  from  w^ 
and  coiled  upon  b ;  and  if  w  is  turned  to  the  left,  the 
reverse  takes  place.  The  number  of  coils  are  indicated  by 
a  scale  ;  and  in  proportion  to  the  number  of  turns  which  the 
wire  makes  round  the  insulating  wooden  cylinder,  the 
journey  of  the  current  will  be  longer,  and  the  resistance 
greater. 

The  rheostat  chiefly  used  in  the  medical  application  of 
electricity  is  Siemens's.     This  consists  of  a  number  of  coils 


Fig.  33. 

of  wire,  the  length  of  which  corresponds  to  a  certain  number 
of  Siemens's  units  of  resistance.  A  Siemens's  unit  is  equi- 
valent to  the  resistance  of  a  column  of  mercury  which  has  a 
transverse  section  of  one  square  millimetre,  and  is  one  metre 
long,  at  32°  F.  It  may  contain  a  variable  number  of  units. 
Brenner,  who  was  the  first  to  use  the  rheostat  in  medicine, 
employs  one  of  2,100  units,  but  one  with  1,110  is  sufficient 
for  most  scientific  and  practical  purposes. 

The  metal  blocks  1,  2,  3,  &c.,  10,  20,  30,  &c.,  and  100, 
200,  300,  &c.,  are  connected  with  insulated  coils  of  wire, 
the  length  of  which  corresponds  to  1,  2,  3,  &c.,  10,  20,  30, 
&c.,  100,  200,  300,  &c.  M,  m',  m'^,  are  brass  plates  which  are 
furnished  with  semi-circular  incisions  for  receiving  a  stopper, 
by  means  of  which  the  blocks  are  connected  with  the  centre- 
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piece,  and  with  the  pieces  c,  e,  and  g^  which  can  be  interpo- 
lated into  the  circuit.  If  the  three  stoppers  are  inserted 
into  the  blocks  h,  d,  and  /,  there  is  no  resistance  at  all  in 
the  rheostat,  as  the  current  travels  from  a  to  b,  then  through 
the  stopper  to  M,  and  through  c  to  d  ;  from  d  it  goes  to  m' 
and  e  ;  from  e  to  /,  m"'  and  g  ;  at  h  the  current  leaves  the 
instrument  altogether.  With  this  arrangement  the  current 
does  not  encounter  any  resistance  in  the  rheostat,  and  therefore 
goes  altogether  through  it,  and  not  through  the  body  at  all ; 
for  it  is  a  fundamental  law,  that  when  the  current  has  two 


Fig.  34. 

ways  open  to  it,  the  intensity  of  the  current  in  the  several 
parts  of  the  circuit  is  inversely  proportional  to  the  resist- 
ance. The  greater  the  resistance  in  the  rheostat,  the 
greater  is  the  intensity  of  the  current  going  through  the 
body ;  the  smaller  the  resistance  of  the  rheostat,  the  smaller 
is  the  intensity  of  the  current  going  through  the  patient. 

If  now  the  stoppers  are  inserted  at  1  in  m,  30  in  m',  and 
300  in  m'^,  the  current  which  enters  at  a,  has  to  proceed 
through  the  resistance  1  to  m  ;  thence  it  passes  from  c  to  d, 
and  encounters  fresh  resistances,  as  it  has  to  reach  m'  through 
the  coils  10  and  20  ;  from  e  it  goes  to/;  but  before  reaching 
M'',  it  must  again  pass  through  the  coils  100,  200,  300,  and 
then  at  last  it  may  leave  the  rheostat  by  g  and  h.  The 
result  is,  that  the  current  has  had  to  overcome  the  resistance 
of  321  Siemens's  units,  and  a  large  portion  of  it  therefore  goes 
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preferably  throngli  the  body.  If  the  maximum  of  resistances  be 
interpolated,  only  a  very  small  portion  of  the  current  may 
go  through  the  rheostat,  and  by  far  the  largest  portion  of  it 
will  pass  through  the  body.  If  the  stoppers  are  entirely 
removed,  the  conduction  is  interrupted,  and  not  a  fraction 
of  the  current  may  then  go  through  the  rheostat. 

Messrs.  Mayer  and  Wolff,^  of  Vienna,  have  constructed  a 
somewhat  more  simple  arrangement.  This  consists  of  a 
wooden  box,  which  contains  coils  of  wire  corresponding 
to  1,605  Siemens's  units.     The  lid  of  the  box  carries  a  brass 


Fig.  35. — Mayer  and  Wolff's  Kheostat. 


plate  with  incisions,  into  which  the  stoppers  are  inserted. 
For  interpolating  any  number  of  units  which  may  be  re- 
quired, the  stoppers  are  removed  from  the  opening.  Thus, 
if  the  current  be  required  to  pass  through  ten  units,  the 
stopper  is  withdrawn  at  10;  if  required  to  pass  through 
twenty-five  units,  the  one  at  5  and  the  one  at  20  are 
removed  ;  if  required  to  pass  through  fifteen  hundred  units, 
the  stoppers  at  500,  400,  300,  200,  and  100  are  taken  out. 

No  otlier  instrument  but  the  rheostat  can  yield  such  a 
variety  of  graduations,  or,  as  I  would  prefer  to  call  it,  shades 
of  the  intensity  of  the  current.     The  rheostat  is  not  always 

'  Kosenthars  Eleetrotherapie.     Wien,  1873,  p.  35. 
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necessary  for  peripheral  applications  of  the  continuous 
current ;  but  where  the  latter  is  to  be  used  in  the  diagnosis 
or  treatment  of  diseases  of  the  nervous  centres,  and  of  the 
organs  of  special  sense,  the  rheostat  becomes  an  indispensable 
contrivance,  without  which  the  application  of  electricity 
ceases  to  be  scientific. 

Duchenne  ^  has  recommended  the  use  of  a  rheostat- 
voltameter,  which  he  thinks  is  likely  to  supersede  Siemens's 
rheostat.  He  admits  that  the  latter  is  more  sensitive,  bat 
believes  that  such  great  precision  is  not  required  in  thera- 
peutics. Such  an  extraordinary  profession  on  the  part  of  an 
observer  who  may  be  justly  proud  of  the  precision  with  which 
most  of  his  own  investigations  have  been  made,  must  needs 
excite  our  surprise.  The  '  liquid-rheostat '  consists  of  a 
glass  tube  closed  by  a  metallic  bottom  beneath,  and  above 
by  a  ferrule  through  which  a  metallic  stem  passes,  which 
latter  may  be  more  or  less  driven  down  into  the  tube  by 
means  of  a  rack,  which  is  put  in  motion  by  a  button.  The 
tube  is  filled  with  water,  and  both  ends  are  enclosed  in  the 
circuit  of  the  battery ;  the  resistance  offered  to  the  current 
by  the  layer  of  water  which  it  has  to  traverse,  being  less  in 
proportion  as  the  stem  is  further  driven  down  into  the  tube. 
With  this  tube  Duchenne  associates  a  voltameter,  that  is,  a 
tube  4  or  5  inches  long,  which  is  closed  beneath  by  putty, 
through  which  two  platinum  wires  are  made  to  pass  which 
are  insulated  from  one  another,  and  which  may  be  connected 
with  the  conducting  wires  of  the  battery.  If  this  tube  be 
filled  with  water,  and  put  into  the  galvanic  circuit,  the 
water  is  decomposed,  and  the  quantity  of  gas  which  is  evolved 
during  the  passage  of  the  current  is  the  expression  of  the 
electrolytic  power  of  the  current. 

Duchenne  connects  the  liquid  rheostat  with  the  voltameter 

'  Archives  generales  de  medecine,  mars  1873, 
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in  the  following  manner : — They  are  fixed  on  the  same 
wooden  support,  and  one  of  the  platinum  wires  of  the  volta- 
meter is  made  to  communicate  with  the  metallic  bottom  of 
the  rheostat.  The  upper  end  of  this  and  the  second  wire  of 
the  voltameter  may  be  connected  with  the  poles  of  any 
battery.  Now  supposing  that  the  rheostat-voltameter  is 
placed  into  the  circuit,  and  that  the  metallic  stem  of  the 
graduating  tube  is  in  contact  with  the  bottom  of  the  latter, 
the  intensity  of  the  current  will  be  indicated  by  the  deve- 
lopment of  a  large  quantity  of  gas.  But  if,  on  the  other 
hand,  the  stem  be  removed  from  the  metallic  bottom,  the 
evolution  of  gas  diminishes  in  proiDortion  as  the  size  of  the 
layer  of  water  traversed  by  the  current  diminishes.  No 
doubt  this  arrangement  of  Duchenne's  may  be  serviceable 
for  a  rough  and  ready  graduation  of  the  current,  but  it  can 
never  replace  either  Siemens's  or  Mayer  and  Wolff's 
rheostat. 

Conductivity  of  the  Human  Body. — Volta,  Humboldt^  and 
Eitter,  ^  who  were  the  first  to  give  their  attention  to  this 
subject,  found  that  the  human  body  conducted  not  nearly 
as  well  as  the  metals,  and  that  the  cuticle,  hair  and  nails, 
offered  the  greatest  resistance  to  the  passage  of  electricity. 
Professor  E.  Weber ^  put  the  conducting  power  of  the  body 
as  ten  to  twenty  times  greater  than  distilled  water  at  98°, 
and  fifty  million  times  worse  than  copper.  He  found  the 
resistance  greatest  where  the  skin  is  thick  and  dry,  and 
least  where  it  is  thin  and  moist ;  and  noticed  that  the 
mucous  membranes  conduct  better  than  the  skin,  and  that 
the    resistance    of  the    body   is    essentially    diminished   by 

'  Versuche  iiber  die  gereizte  Muskei-  und  Nervenfaser.  Posen  und  Berlin, 
1797.     Vol.  i,  p.  152. 

^  Beitrage  zur  nahern  Kenntniss  des  Galvanismus.  Weimar,  1805.  Vol.  i. 
p.  28. 

^  Qusestiones  physiologicse  de  phsenomenis  galvano-magneticis  in  corpora 
Immano  observatis,     Lipsise,  1836. 
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blistering-  the  skin,  and  by  applying  warm  instead  of  cold 
conductors. 

Lenz  and  Ptschelnikoff^  discovered  that  the  conductivity 
of  the  body  differs  greatly  according  to  the  conducting 
liquid  that  is  used.  Thus  if  water  from  the  river  Neva  was 
taken,  the  resistance  amounted  to  16°'53  ;  on  adding  one 
part  of  sulphuric  acid  to  a  hundred  parts  of  water,  it  fell 
to  6°'06.  A  scratch  made  on  the  hand  further  reduced  it 
to  4°*81 ;  and  if  four  parts  of  sulphm-ic  acid  were  added 
instead  of  one,  the  resistance  was  only  4°'37.  They  also 
found  that  young  people  do  not  conduct  as  well  as  the  aged ; 
that  the  callous  extremities  of  working  men  have  more  resist- 
ance than  the  delicate  skin  of  persons  of  rank ;  and  that  the 
resistance  of  the  right  hand  is  greater  than  that  of  the  left. 

The  fact  that  young  persons  should  conduct  less  well  than 
elderly  people,  is,  by  Du  Bois-Eeymond,  attributed  to  the 
smaller  transverse  section  of  their  fingers,  which,  next  to 
the  epidermis,  are  the  worst  conductors.  Eanke,^  however, 
thinks  it  rather  more  dependent  upon  the  different  chemical 
composition  of  the  liquids  and  tissues  of  youthful  and 
elderly  people.  Infantile  tissues  contain  a  greater  propor- 
tion of  water,  and  adult  or  senile  structures  a  more  con- 
siderable quantity  of  salines,  other  things  being  equal ; 
and  this  would  sufficiently  explain  why  the  aged  body 
conducts  better  than  the  youthful  one.  Probably  the 
physical  as  well  as  the  chemical  differences  contribute 
equally  towards  this  result. 

There  are  certain  differences  in  the  resistance  of  different 
persons,  and  of  the  same  individuals  at  different  times, 
which  have   not   yet   been  satisfactorily  explained.     Some 


'  Ueber  den  Leitungswiderstand  des  menschlichen  Korpers  gegen  galyanische 
Strome;  in  PoggendorfFs  Annalen,  vol.  Ivi.  1842,  p.  429. 

^  Tetanus.     Eine  physiologisclie  Studie.     Leipzig,  1865,  p.  13. 
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persons  are  naturally  better  conductors  than  others  ;  and 
this  is  no  doubt  in  some  measure  due  to  the  great  variety 
which  exists  in  the  quantity  of  perspiration  in  different 
individuals.  But  this  alone  is  not  sufiScient  to  explain  all 
the  phenomena  of  this  class  which  have  been  observed. 
Thus,  when  shocks  from  a  Ley  den  jar  are  transmitted 
through  a  number  of  persons  forming  a  chain,  some  people 
in  the  chain  feel  the  shock  very  slightly,  or  not  at  all,  and 
some  arrest  its  propagation  altogether  ;  while  others  feel  it 
most  severely.  Now,  this  might  be  explained  if  the  hands 
of  those  who  stop  the  shock  were  always  dry,  or  their 
epidermis  very  thick ;  but  persons  liave  often  stopped  the 
propagation  of  the  shock  who  have  a  delicate  cuticle,  and 
although  this  may  have  been  purposely  moistened  in  order 
to  facilitate  the  transmission.  Again,  at  other  times,  the 
same  people  may  feel  the  shock  distinctly.  Similar  observa- 
tions have  been  made  with  regard  to  lightning.  Thus,  a 
single  person  has  been  struck  in  the  middle  of  a  group  of 
men,  and  all  others  remained  untouched ;  and  again,  a 
number  of  persons  standing  together  have  been  killed  by 
the  stroke,  while  one  of  them  escaped  without  injury.  It 
is  also  understood  that  certain  Indians  and  negroes  can 
handle  the  electric  eel  without  being  affected  by  it ;  and 
Mr.  Flagg  asserts,^  that  if  a  number  of  persons  join  hands 
and  one  touch  the  eel,  they  are  all  equally  shocked,  unless 
there  should  happen  to  be  one  of  the  number  incapable  of 
being  affected  by  the  eel,  which  is  (he  says)  '  the  case  of  a 
very  worthy  lady  of  my  acquaintance,  who  can  handle  this 
fish  at  will.' 

The  circumstances  affecting  the  conductivity  of  the  human 
body  are  exceedingly  complicated,  because  the  body  is  not  a 


'  Transactions  of  the  American  Phil.  Society,  held  at  Philadelphia,  17f 
To\  ii.  No.  13, 
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homogeneous  mass,  such  as  a  copper  wire  or  a  steel  bar,  but 
consists  of  a  great  variety  of  differently-conducting  sub- 
stances moulded  into  one,  and  all  of  which  have  a  definite 
influence  upon  the  electric  resistance  of  the  whole.  Not 
only  have  we  to  consider  nerves,  muscles,  bones,  skin,  blood, 
lymph,  and  other  substances  of  widely  different  chemical 
composition,  but  all  these  organs  and  liquids  again  differ  in 
conduction  according  to  shape  and  bulk.  The  thickness  of 
the  skin  in  different  parts  of  the  body  differs  extremely ;  its 
degree  of  moisture  varies  not  only  according  to  locality, 
but  also  according  to  the  temperature,  and  the  more  or  less 
dry  condition  of  the  atmosphere  ;  according  to  individuality, 
rest  or  exertion,  present  state  of  health,  and  a  variety  of 
other  circumstances  which  act  as  disturbing  influences.  We 
shall,  therefore,  never  succeed  in  determining  the  resistance 
of  the  human  body  with  the  same  scientific  exactness  as  that 
of  the  metals,  which  we  can  render  chemically  pure,  reduce 
to  any  shape  we  like,  and  examine  at  any  degree  of  tempera- 
ture. Nevertheless,  we  know  a  number  of  facts  which  are 
of  great  practical  importance,  and  by  the  aid  of  which  we 
can  render  the  influence  of  electricity  upon  the  body  tolerably 
precise. 

If  the  human  body  be  interposed  into  the  galvanic  circuit, 
the  current  will  enter  it  and  pass  through  it  according  to 
certain  laws.  The  density  of  the  electricity  will  be  greatest 
at  those  points  where  it  enters  and  leaves  the  body,  and 
small  at  any  intermediate  portions  of  the  same.  An  absolute 
localisation  of  electricity  is  therefore  impossible,  and  if  we 
speak  of  localised  applications,  this  is  only  relatively  true. 
It  is  easier  to  localise  the  induced  than  the  continuous  cur- 
rent, because  the  quantity  of  the  latter  is  so  large  that  it 
will  spread  to  a  considerable  distance  from  the  electrodes. 

It  appears  from  the  researches  of  Magrini,  Becquerel,  and 
others,  that  the  galvanic  current  is  propagated  by  a  wave- 
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like  motion.  It  is  true  that  the  density  of  the  current  is 
greatest  when  it  enters  and  leaves  the  body,  and  in  a  straight 
line  between  these  two  points ;  but  the  electricity  is  not 
confined  to  these  ways,  and  spreads,  although  less  energeti- 
cally, throughout  the  neighbourhood.  The  different  waves 
of  the  current  unite,  so  to  say,  near  the  electrodes,  which  is 
the  reason  that  there  the  most  powerful  effect  is  produced. 
Moreover,  the  size  of  the  conductors  which  is  used  is  of  in- 
fluence ;  the  larger  their  diameter  the  greater  is  the  quantity 
of  electricity  which  is  caused  to  pass  through  the  body. 

Conductivity  of  Tissues. — Researches  on  the  resistance  of 
the  different  animal  tissues  are  of  recent  date.  The  old 
physiologists,  who  had  not  experimented  on  the  subject, 
believed  that  the  nerves  wei'e  the  best  conductors  of  the 
body,  carrying  the  orders  of  the  will  with  lightning-like 
rapidity  to  the  muscles.  But  the  first  experiments  which 
were  made  on  this  matter  by  Heidmann,  in  1805,  and  again 
those  of  Person,'  in  1830,  seemed  to  show  that  the  nerves 
did  not  conduct  much  better  than  the  muscles  and  other 
animal  substances. 

In  1843  this  subject  was  taken  up  by  Matteucci,^  whose 
experiments  led  him  to  the  conclusion  that  the  muscles  are 
the  best  conducting  tissue  in  the  body ;  that  the  brain,  the 
spinal  cord,  and  the  nerves,  are  not  very  different  from  each 
other  in  this  respect,  and  that  they  conduct  four  times 
worse  than  the  muscles.  In  order  to  ascertain  the  relative 
resistance  of  nerves  and  muscles,  he  used  a  layer  of  the 
cerebral  substance,  a  piece  of  the  sciatic  nerve,  and  a  portion  of 
a  muscle  from  the  thigh  of  a  recently-killed  rabbit ;  reduced 
these  substances  to  slices  of  the  same  thickness,  and  caused 

'  Sur  I'hypothese  des  courans  electriques  dans  les  nerfs ;  in  Magendie, 
Journal  de  la  Physiologic  experimentale.     Paris,  1830. 

-  Traite  des  phenomenes  electro-physiologiques  des  animaux,  etc.  (Paris, 
184-i),  p.  47;  and  Comptes-rendus  (1843),  p.  23, 
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a  ciuTent  of  twelve  pairs  to  pass  through  them  whilst 
lying  on  an  insulating  plane.  He  then  touched  similar 
pieces  of  nerves  and  muscles  with  the  extr-emities  of 
a  sensitive  multiplier,  which  were  held  at  equal  distances 
from  each  other,  and  noticed  that  the  needle  was  more 
strongly  deflected  on  touching  the  muscle  than  on  touching 
the  nerve,  the  amount  of  deflection  being  inversely  pro- 
portional to  the  resistance  offered  by  these  substances  to  the 
passage  of  the  current.  He  afterwards  altered  the  distance 
between  the  ends  of  the  multiplier,  so  as  to  obtain  equal 
deflections  of  the  needle,  whether  the  nerves  or  the  muscles 
were  touched  ;  the  resistance  being  in  this  instance  inversely 
proportional  to  the  length  of  the  animal  substances  com- 
prised between  the  ends  of  the  multiplier.  He  then  found 
that,  in  order  to  obtain  the  same  deflection  of  the  needle,  he 
had  to  approach  the  ends  of  the  multiplier  to  one  another 
when  he  touched  the  nerves  ;  w^hilst  when  he  touched  the 
muscles,  he  had  to  increase  tlie  distance  between  the  ends  of 
the  multiplier.  From  this  Matteucci  calculated  that  the 
muscles  conduct  four  times  better  than  the  nerves,  which 
latter  conduct  rather  better  than  the  brain  and  the  spinal 
cord. 

The  experiments  of  Matteucci  were  repeated,  and  on  the 
whole,  confirmed,  by  Dr.  Schlesinger,'  of  Vienna,  but  are 
nevertheless  in  some  respects  objectionable. 

Du  Bois-Eeymond  has  pointed  out  that  the  slices  of  the 
different  tissues  can  never  be  exactly  of  the  same  length  and 
diameter.  Matteucci  likewise  neglected  to  measure  the  in- 
tensity of  the  battery  current ;  and  finally  it  is  inexplicable 
that  he  should  have  obtained  exactly  the  same  results  by 
both  proceedings  he  employed  ;  as  in  the  former  an  influence 

'  Die  Elektricitat  als  Heilmittel.     Zeitschrift  Wiener  Aerzte,  July,  1852. 
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must  have  been  exercised  by  polarisation,  while  tliere  was  no 
such  influence  in  the  latter. 

Matteucci's  results  were  to  some  extent  upset  by  the  experi- 
ments of  Prof.  Eckhard,^  of  Griessen,  who  found  that  the  resist- 
ance offered  by  the  muscles,  tendons,  nerves,  cartilages,  and 
bones,  is  not  always  the  same,  because  the  amount  of  water 
contained  in  these  tissues  is  variable,  not  only  in  different 
individuals  of  the  same  species,  but  also  in  the  same  tissues 
taken  from  different  parts  of  the  same  body.  Thus  the 
median  nerve  at  the  fore-arm  contains  fewer  blood-vessels 
than  the  sciatic  nerve  where  it  emerges  from  the  pelvis,  and 
in  accordance  with  this  fact  the  median  nerve  is  found  to 
conduct  less  well  than  the  sciatic.  Finally,  it  should  be 
considered  that  water  evaporates  all  the  time  while  the 
tissues  are  reduced  to  such  a  shape  as  to  be  fit  for  observa- 
tion ;  and  that  differences  are  therefore  inevitable,  according 
to  the  temperature  of,  and  the  amount  of  moisture  contained 
in,  the  atmosphere. 

As  animal  tissues,  with  the  exception  of  the  nerves  and 
the  lumbrical  muscles,  bannot  be  well  reduced  to  such  a 
shape  as  to  show  perfectly  identical  longitudinal  and  trans- 
verse sections,  which  is  a  necessary  condition  for  the  exact 
calculation  of  their  conductivity,  Eckhard  did  not  compare 
directly  the  resistance  offered  by  the  several  tissues,  but  first 
determined  that  which  is  offered  by  some  piece  of  animal 
tissue,  from  which  he  took  a  cast  in  plaster  of  Paris,  and 
then  formed  a  piece  of  glue  perfectly  similar  to  the  piece  of 
tissue  which  had  been  examined ;  finally,  he  measured  the 
resistance  of  the  piece  of  glue.  The  glue  used  for  these 
experiments  was  always  of  the  same  strength  and  tempera- 
ture. For  ascertaining  the  conductivity  of  muscle,  Eckhard 
used  fibres  taken  from  a  dead  body  after  rigor  mortis  had 
disappeared,  because  before  that  it  is  not  possible  to  form  a 

'  Beitrage  zur  Anatomie  unci  Physiologie.     Giessen,  1858.     Vol.  i.  p.  57. 
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piece  of  glue  perfectly  like  the  piece  of  muscle.  In  order 
to  avoid  the  shrinking  which  might  be  occasioned  by  the 
hygroscopic  property  of  plaster  of  Paris,  he  covered  the 
muscular  fibres  with  a  layer  of  fat  before  he  took  the  cast. 
After  having  determined  the  comparative  resistance  offered 
by  the  different  animal  substances  and  glue,  he  calculated 
the  relative  differences  in  the  conductivity  of  the  animal 
tissues  themselves. 

Having  put  the  resistance  of  fibres  taken  from  the  sar- 
torius  muscle  of  man  =  1,  Eckhard  found  the  resistance  of 
the  tendon  of  the  gastrocnemius  =  1*7  to  1-9  ;  of  the  tendon 
of  the  semitendinosus  =  2*2  to  2*4 ;  and  of  the  tendon  of 
the  extensor  carpi  radialis  =  2'3  to  2'6  ;  therefore  the 
average  resistance  offered  by  tendons  would  be  2*1.  That 
of  the  cartilages  of  the  ribs  varied  from  1*7  to  2*4;  average 
2.  The  resistance  of  nerve-fibres  taken  from  the  brachial 
plexus  was  1*9  to  2*4  ;  that  of  the  sciatic  nerve  2*2  ;  average 
2*1.  The  compact  substance  of  the  bones  appeared  to 
conduct  16  to  22  times  worse  than  muscle. 

The  result  of  Prof.  Eckhard's  researches  may  therefore  be 
summed  up  as  follows  : — 

The  resistance  of  muscles  is    =      1 . 
,,         of  cartilages   =2. 
,,         of  tendons       =      2'1. 
,,         of  nerves  —     2'1. 

,,         of  bones  =  19. 

These  numbers  correspond  very  nearly  with  the  amount  of 
water  contained  in  the  tissues ;  for  if  we  take  the  average 
of  reliable  chemical  analyses  of  animal  substances,  we  find 
that — 

The  muscles  contain  76  per  cent,  of  water. 


The  tendons         ,, 

62 

The  cartilages     , 

,      •62-5 

The  nerves           , . 

,       '52-5 

The  bones            ,, 

5 

The  apparent  divergencies  in  the  numbers  may  be  ac- 
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counted  for  by  tlie  circumstance  that  the  conductivity  of  the 
tissues  is  not  exclusively  due  to  the  amount  of  water,  but 
also  to  the  quantity  of  salines  contained  in  them. 

Although  Eckhard's  researches  were  carefully  made,  their 
results  cannot  be  considered  as  final,  because  he  did  not 
experiment  directly  on  the  tissues  themselves  ;  because  dead 
tissues  must  have  a  different  conducting  power  from  living 
ones  ;  and  because  the  influence  of  polarisation  was  not 
thoroughly  avoided  in  his  experiments. 

Du  Bois-Eeymond  ^  has  considered  the  question  whether 
the  different  conditions  of  living  muscle  have  any  influence 
upon  its  conductivity,  and  whether  the  negative  variation 
of  the  muscular  current  discovered  by  him  has  anything  to 
do  with  the  differences  in  the  resistance  of  muscular  fibres 
which  are  observed  when  they  are  contracted  and  when 
quiescent.  He  found  that  during  contraction  the  resistance 
was  increased,  owing  to  the  alteration  in  the  shape  of  the 
muscle ;  while,  if  this  alteration  was  excluded,  the  con- 
traction appeared  to  be  accompanied  with  a  sliglit  diminu- 
tion of  resistance. 

M.  Ranke,^  of  Munich,  has  more  recently  investigated 
this  subject.  He  used  the  adductor  muscles  of  the  frog's 
thigh,  which,  as  they  consist  of  longitudinal  fibres,  do  not 
evolve  a  current  of  animal  electricity  in  their  natm-al  longi- 
tudinal section.  As,  according  to  Du  Bois-Reymond,  alter- 
ations of  shape  have  an  influence  on  the  resistance  of  the 
muscle,  such  alterations  were,  as  far  as  possible,  excluded 
by  using  a  clamp,  which  may  give  to  a  muscle  fixed  in  it 
any  degree  of  tension  which  may  be  required.  The  difficulty 
which  had  always  been  experienced  by  previous  observers, 
of  giving  to  the  animal  tissues  a  stereometrically   definite 

'  UntcTSuchungen  iiber  thierische  Elektricitat,  vol.  ii.  p.  174.  Berlin, 
1864. 

2  Loc.  cit.  p.  27. 
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shape,  Eanke  endeavoured  to  overcome  in  the  follow- 
ing manner: — The  elasticity  of  the  tissues  allowed  hica 
to  draw  them  into  a  fine  glass  tube,  which  was  com- 
pletely filled  by  them,  the  terminal  surfaces  of  the  prepara- 
tion being  made  parallel  with  both  openings  of  the  tube. 
By  this  proceeding  he  could  not  only  give  a  definite  shape 
to  any  tissue,  but  also  give  the  same  shape  to  all  sorts  of 
different  tissues,  so  as  to  avoid  errors  which  might  otherwise 
occur  in  measuring  their  dimensions. 

According  to  Eanke,  living  muscle  conducts  3,000,000 
times  worse  than  mercury,  and  about  115,000,000  times 
worse  than  copper,  The  resistance  of  dead  muscle  as  com- 
pared with  living  muscle  is  as  56  to  100 ;  it  therefore 
conducts  1,680,000  times  worse  than  mercury,  and  64,400,000 
times  worse  than  copper.  This  diminution  of  resistance  in 
dead  muscle  is  owing  to  the  accumulation  of  certain  products 
of  decomposition,  the  most  important  of  which  seems  to  be 
lactic  acid ;  for,  other  circumstances  being  equal,  an  acid 
muscle  naturally  conducts  better  than  one  which  is  not 
acid.  Boiling  diminishes  the  resistance  of  the  muscular 
fibre  for  the  same  reason,  and  contraction  has  the  same 
influence. 

Eanke's  experiments  appear  to  have  considerably  simpli- 
fied the  subject  under  consideration.  We  may  now  take  it 
for  granted,  that  luhen  the  current  has  once  overcome  the  ' 
resistance  of  the  cuticle  and  the  bones,  it  will  spread  ahnost  ' 
equally  through  all  the  organs  luhich  are  interposed  between 
the  tivo  electrodes,  the  greatest  effect  being  always  produced 
near  the  electrodes. 

With  regard  to  the  conductivity  of  bones,  the  resistance 
of  which  was  put  down  by  Eckhard  as  varying  from  16  to 
22,  direct  observations  have  hitherto  been  wanting.  Dr. 
Friedleben,  of  Frankfort,^  has  shown  that  almost  all  chemical 

»  "Wunderlich's  Arcliiv  der  Heilkunde  (1861),  p.  139. 
F  2 
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analyses  of  bones  which   have  as  yet  been  made,  concern 
only  osseous  tissue  which  has  been  carefully  dried.    Chemists 
as  well  as  pathologists  and  histologists  seem  to  have  thought 
that  the  quantity  of  water  in  bones  was  something  accidental 
and  irrelevant.     Their  analyses  therefore  teach  us  nothing 
about  the  actual  composition  of  osseous  tissue  in  the  living- 
body.     Nasse  has  incidentally  mentioned  that  the  average 
amount  of  water   in  the  ribs  is  42*8  per  cent.     Becquerel 
found  in  the  skull-bones  of  a  rickety  child,  who  had  died  of 
pneumonia,   35*2  per  cent  of  water.     Stark  ^  says  that  on 
the  whole  th«  bones  of  fishes  contain  most  water,  viz.  from 
50  to   80  per  cent ;  that  the  bones  of  young  birds  contain 
more  than  that  of  old  birds  (from  12  to  25  per  cent);  that 
the  flat  bones  of  mammalia  contain  generally  more  water 
than  the  round  bones  of  the  extremities  (the  former  from 
12  to  20,  the  latter  from   3  to  7  per  cent) ;  that  the  more 
spongy  the  substance  of  bones,  the  greater  is  the  amount  of 
water,  and  that  the  human  bones  contain  more  water  than 
the  bones   of  any  other    mammalia.     All    these   assertions, 
however,  are  contradicted  by  Friedleben,  who  has  shown  that 
several  sources  of  error  are  inherent  to  Stark's  method  of 
investigation.     He  justly  contends   that  most  bones  which 
have  hitherto  been  analysed  were  not  fair  specimens,  as  they 
were  taken  from  persons  who  had  by  previous  illness  sufiered 
from  considerable  disturbances  of  nutrition,  and  that  con- 
sequently the  chemical  composition  of  the  bones  must  have 
been  altered  likewise.     This  holds  good  especially  for  young 
people,  in   whom  the  composition   of  bones  appears  to  be 
rapidly  affected  whenever  the  nutrition  of  the  system  gene- 
rally suffers  ;  in  rickets,  for  instance,  the  amount  of  water 
in  the  bones  is  greatly  increased.     Further  observations  are 
therefore   required   to    elucidate  the    conducting   power  of 
bones  in  the  living  subject. 

'  Edinburgh  Med.  and  Surg.  Journal,  vol.  Ixiii.  (1845)  p.  308. 
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Resistance  of  the  Nervous  Centres. 

a.  The  brain. — Many  physiologists  and  physicians  have 
denied   the    possibility    of  guiding    a    galvanic    current   of 
moderate  power  through  the  brain  of  the  living  man,  think- 
ing that  its  passage  to  that  organ  was  prevented  by  the  re- 
sistance of  the  soft  parts  and  the  bones  of  the  skull.     Prof. 
Erb,^  of  Heidelberg,  however,  has  justly  contended  that  the 
obstacles  encountered  by  the  galvanic  current  on  its  way  to 
the  brain  are  not  so  great  as  has   been  generally  supposed. 
We  have   already  seen  that  the  conducting  power  of  the 
bones  is  better  than  it  was  formerly  believed  to  be.     In  fact, 
the  epidermis  is  a  worse  conductor  than  the  bones,  because 
it  does  not  contain  so  much  water  as  they  do.     It  only  con- 
ducts at  all  in  consequence  of  being  perforated  by  numerous 
small  canals,  viz.  the  excretory  ducts  of  the   sudoriferous 
glands  and  the  sebiparous  follicles,  which  in  their  turn  do 
not  conduct  as  well  as  the  blood-vessels  which  traverse  the 
bones.     Moreover,  if  the  current  be  applied  to   the  skull 
itself,  it  is  only  slightly  diverted  from  its  direction  by  better 
conducting  soft  parts  ;  since  the   epidermis,  the  corium,  the 
galea  aponeui'otica,   the   periosteum,    and   the    bones    form 
layers  directly  superposed  upon  one  another,  and  cannot  pre- 
vent a  current  of  moderate  power  from  entering  the  intra- 
cranial cavity. 

The  following  experiment  of  Erb  shows  that  a  portion  of 
the  current  follows  the  shortest  road  between  the  two  elec- 
trodes : — The  two  forearms  are  crossed  over,  so  that  they 
touch  one  another  about  three  inches  above  the  wrist,  their 
anterior  surfaces  having  been  previously  well  moistened. 
One  electrode  is  then  placed  on  the  dorsal  surface  of  the 
right,  and  the  other  on  that  of  tlie  left  forearm,  and  a 
current  of  some  intensity  passed  through  the   same.     After 

'  Deutsches  Archiv  etc.  1867.  vol.  iii.  p.  237. 
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some  time,  a  sensation  of  heat  is  felt  in  the  dorsal  surfaces, 
and  a  similar,  although  more  feeble,  sensation  on  the  volar 
surfaces.  On  removing  the  electrodes,  not  only  that  part  of 
the  skin  which  was  in  contact  with  them  appears  to  be  diffusely- 
reddened,  but  a  similar  effect  is  shown  to  have  been  pro- 
duced at  the  point  where  the  volar  surfaces  touched  each 
other,  although  the  redness  at  these  latter-  parts  is  not  so 
uniform,  and  appears  more  in  patches,  corresponding  to  the 
sebaceous  follicles.  In  this  experiment  there  are  two  roads 
open  to  the  current,  viz.  a  longer  one  through  the  muscles 
of  the  arm  and  trunk,  which  offer  less  resistance  ;  and  a 
shorter  one  straight  through  the  forearms  themselves,  where 
more  resistance  is  offered  by  the  epidermis.  The  result  is, 
that  the  larger  portion  of  the  current  travels  by  the  long 
road,  which  has  a  better  conducting  power ;  while  the 
smaller  part  of  it  takes  the  shortest  way,  as  shown  by  the 
sensation  of  heat  which  is  experienced,  and  the  redness 
which  is  perceptible,  at  the  end  of  the  experiment.  Now,  as 
the  resistance  of  tlie  bones  is  known  to  be  less  than  that  of 
the  epidermis,  Erb  concludes  that  a  current  which  is  applied 
to  the  two  opposite  surfaces  of  the  skull  must,  if  not  wholly, 
at  least  partially,  penetrate  into  the  cranial  cavity  and  act 
upon  the  cerebral  matter. 

The  same  observer  has  made  experiments  on  dead  subjects 
which  plainly  show  that  the  galvanic  current  can  be  made  to 
pass  through  the  substance  of  the  brain.  He  opened  the 
skull,  removed  the  brain,  and  covered  the  top  of  the  skull 
with  a  layer  of  muscular  substance,  two  inches  wide  and 
three-quarters  of  an  inch  thick,  so  that  it  went  from  the 
occipital  spina  to  the  glabella.  Pieces  of  skin  were  inter- 
posed between  the  muscular  flesh  and  the  electrodes.  The 
skull-cap  was  then  filled  with  cerebral  matter,  but  the  con- 
tact of  this  with  the  muscular  substance  was  carefully 
avoided.     The  edges  of  the  skull  having  been  well  dried,  a 
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prepared  frog's  limb,  resting  on  the  cerebral  matter,  was 
then  interposed  between  the  two  electrodes,  and  a  feeble 
current,  which  produced  only  slight  pricking  when  applied 
to  the  face,  sent  through  the  tissues.  It  was  then  observed 
that,  on  closing  and  opening  the  circuit,  the  frog's  limb 
contracted  vigorously.  Erb  concludes  from  this  that, 
although  the  electrodes  were  connected  by  well -conducting 
muscular  tissue,  a  current  of  perceptible  power  entered  the 
brain  nevertheless.  The  induced  current  produced  the  same 
effect  on  the  frog's  limb  as  the  continuous  current. 

The  same  observer  made  the  following  experiment : — 
A  rectangular  piece  of  bone  was  removed  from  the  skull- 
cap, and  the  skin  and  periosteum  dissected  away  from  the 
edges  of  the  bones,  and  retracted ;  part  of  the  dura  mater 
was  removed,  aud  the  blood  and  cerebro-spinal  fluid  were 
allowed  to  escape.  The  edges  of  the  bones  were  then  care- 
fully dried,  and  the  body  was  left  for  three  hours  in  a  warm 
room,  so  as  to  remove  all  the  moisture  from  the  edges  of  the 
bones.  A  piece  of  brain-matter  was  then  taken  out,  and  the 
nerve  of  a  frog's  limb  placed  in  the  fossa  thus  formed,  while 
the  other  parts  of  the  frog's  limb  were  insulated  by  a  thick 
covering  of  dry  paper.  The  electrodes  were  then  applied 
above  the  ears,  with  the  result  that  a  current  which  could 
be  easily  borne  on  the  face  of  the  experimenter  caused  dis- 
tinct contractions  in  the  frog's  limb ;  these  latter  became 
stronger,  if  one  pole  was  put  to  one  side  of  the  forehead,  and 
the  other  one  to  the  mastoid  process  of  the  opposite  side. 
The  application  of  the  induced  current  produced  the  same 
effect. 

Erb  has  therefore  shown  that  during  the  application  to 
the  head  of  a  continuous  and  an  induced  current,  which  are 
so  feeble  as  to  be  perfectly  suitable  for  therapeutical  appli- 
cation, portions  of  the  current  traverse  the  brain  in  such 
quantity  and  intensity  as  to  have  a  decided  effect  upon  a 
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frog's  limb,  although  this  may  occupy  only  a  small  space  in 
connection  with  the  cerebral  matter ;  and  he  argues  that, 
in  the  living  body,  circumstances  would  be  even  more 
favourable  for  the  transmission  of  the  current  to  the  brain, 
because  there  the  temperature  is  higher,  and  circulation 
going  on. 

It  might  be  objected  to  these  conclusions  that  a  current 
which  will  excite  the  nerve  of  a  frog's  limb  is  not  suffi- 
ciently strong  to  produce  an  appreciable  therapeutical  effect 
on  the  brain.  But  if  we  consider  that  the  frog's  nerve 
touches  only  a  very  small  portion  of  cerebral  matter,  and 
that,  in  all  probability,  the  current,  when  applied  to  the 
head,  traverses  all  portions  of  the  brain  equally,  this  current 
cannot  be  excessively  feeble.  Moreover,  it  has  not  been 
shown  that  a  current  must  be  very  powerful  in  order  to  be 
useful.  On  the  contrary,  we  shall  see  in  the  third  chapter 
that  a  gentle  current,  which  can  be  easily  borne  even  by 
sensitive  persons,  produces  the  greatest  therapeutical  re- 
sults, and  that  a  powerful  current  only  does  harm  instead  of 
good. 

b.  The  spinal  cord. — Whether  any  form  of  electricity,  applied 
in  moderate  power  to  the  spine  of  the  living  man,  is  trans- 
mitted to  the  cord  itself,  has,  until  quite  lately,  been  a  matter 
of  controversy.  Judging  from  therapeutical  effects,  I  am  in- 
clined to  believe  that  static  electricity,  electro-magnetism,  and 
magneto-electricity  only  act  on  the  nerves  of  the  skin  of  the 
back,  and  not  on  the  substance  of  the  cord,  but  that  the  contin- 
uous current  has  a  decided  action  on  the  latter.  Erb '  thinks 
that  the  bones  of  tlie  vertebral  column  offer  less  resistance 
to  the  passage  of  the  current  than  the  skull.  They  are 
more  spongy,  contain  more  water,  and  the  several  bones  are 
separated  from  one  another  by  large  and  numerous  lacunge, 
fitted  up  with   blood-vessels,  nerves,  and    connective  tissue, 

1  Loc.  cit.  D.  435. 


CHAP.  I.  DYNAMIC   ELECTEICITY  73 

along  which  the  current  may  easily  penetrate  into  the  spinal 
canal.  There  is,  however,  this  difficulty,  that  we  can  only 
apply  the  current  to  one  surface  of  the  cord,  and  that  it 
cannot  be  sent  right  through  it,  as  it  may  be  through  the 
head ;  but,  on  the  other  hand,  a  much  more  powerful 
current  may  be  safely  applied  to  the  cord  than  to  the  brain, 
whereby  some  compensation  is  afforded  for  the  disadvan- 
tageous anatomical  position  of  the  cord. 

Erb  performed  the  following  experiment  on  a  dead  sub- 
ject, with  the  view  to  elucidate  these  conditions : —  He 
removed  the  bodies  of  the  seventh  cervical  vertebra  and  of 
the  first  three  dorsal  vertebrae,  and  the  dura  mater,  so  as 
to  lay  the  cord  open,  the  parts  being  carefully  dried.  The 
nerve  of  an  isolated  frog's  limb  was  then  placed  on  the  cord, 
and  the  anode  of  a  constant  battery  directed  to  the  mastoid 
process,  while  the  cathod'e  was  applied  to  the  sixth  dorsal 
vertebra.  Contractions  took  place  in  the  frog's  leg  on 
opening  as  well  as  on  closing  the  circuit,  showing  that  the 
current  actually  passed  through  the  cord. 

Experiments  on  the  living  man  have  shown  that  it  is 
possible,  by  applying  the  two  electrodes  of  a  somewhat 
powerful  constant  battery  to  the  spine,  to  produce  contrac- 
tions of  muscles,  which  are  animated  by  nerves  situated  far 
below  the  points  where  the  electrodes  are  applied.  Thus, 
for  instance,  if  one  large  electrode  was  placed  near  the  first 
dorsal  vertebra,  and  the  other  to  the  spinous  process  of  the 
second  and  third  lumbar  vertebrjE,  and  a  current  of  some 
power  was  sent  through,  contractions  were  caused  not  only 
in  the  muscles  of  the  back,  but  also  in  the  hamstring 
muscles  of  the  thigh,  which  are  animated  by  the  sciatic 
nerve  ;  care  being  taken  that  the  direction  of  the  current 
was  occasionally  rapidly  changed  in  the  metallic  circuit. 
By  this  latter  proceeding  voltaic  alternatives  are  produced 
which  considerably  increase  the  excitability  of  the  nerves ; 
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and,  after  several  such  alternatives  had  taken  place,  con- 
tractions of  the  same  muscles  could  be  caused  by  simply 
interrupting  the  current.  This  shows  that  the  sciatic  nerve 
must  have  been  electrically  acted  upon  within  the  spinal 
canal,  and  that  a  continuous  current,  sufficiently  powerful  to 
produce  decided  physiological  effects,  may  be  sent  through 
the  cord  of  the  living  man. 

Erb's  experiments  have  been  corroborated  by  Burckhardt,^ 
who  has  investigated  the  resistance  not  only  of  the  brain 
and  cord,  but  also  of  the  cervical  sympathetic  and  the  nerve- 
trunks  of  the  upper  and  lower  extremity.  The  current  that 
was  to  act  upon  the  brain,  was  applied  either  through  the 
temples,  or  from  the  forehead  to  the  occiput ;  that  which 
was  to  affect  the  cord,  was  applied  to  the  upper  and  lower 
end  of  the  spine  ;  and  that  which  was  to  travel  through  the 
c-rvical  sympathetic,  was  directed  to  the  angle  of  the  lower 
jaw  and  the  manubrium  sterni.  Every  one  of  these  experi- 
ments gave  positive  results,  inasmuch  as  it  appeared  that 
the  brain,  cord,  cervical  sympathetic  and  peripheral  nerves, 
were  traversed  by  portions  of  the  current,  which,  when 
derived  from  these  organs  by  means  of  steel  needles,  caused 
considerable  deflections  of  the  needle  of  the  galvanometer. 
The  direction  of  the  current  traversing  these  organs  corre- 
sponded with  that  of  the  principal  current ;  and  if  that  of 
the  latter  was  reversed,  the  magnetic  needle  at  once  gave  an 
opposite  deflection. 

In  one  of  his  experiments  Burckhardt  imitated  the  vital 
conditions  so  as  to  produce  a  kind  of  artificial  circulation. 
Ehythmical  injections  of  salt  water  were  made  into  the 
aorta  of  a  subject,  with  the  result  that  the  upper  portion  of 
the  body  became  warm,  the  veins  of  the  arm  distended,  the 
cadaveric  rigidity  diminished,  and  warm  water  was  seen  to 

'  Deutsches  Archiv  fiir  klinische  Medicin,  1S70,  rol.  Tiii.  p.  100. 
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jQow  from  incisions  into  the  limb.  Under  these  circum- 
stances the  current  derived  from  the  organs  appeared  much 
stronger  than  where  a  dead  subject  in  its  ordinary  condition 
was  acted  upon  ;  from  which  Burckhardt  justly  concludes 
that  the  cuTrent  will  traverse  the  organs  more  easily  during 
life  than  after  death. 

Ziemssen,^  who  was  formerly  the  leader  of  that  party  of 
electro-therapeutists  which  denied  the  possibility  of  affecting 
the  centres  of  the  nervous  system  by  the  galvanic  current, 
has  recently  been  altogether  converted  to  the  other  side,  and 
has  added  some  valuable  experimental  proofs  to  those 
already  furnished  by  Erb  and  Burckhardt.  He  experimented 
on  dead  subjects,  and  recently-killed  animals,  and  found 
that  a  plainly  perceptible  portion  of  a  gentle  current,  such 
as  is  now  generally  employed  in  therapeutics,  may  be  derived 
from  the  organs ;  that  this  derived  current  has  a  definite 
direction,  and  that  its  intensity  may  be  increased  by  increas- 
ing the  intensity  of  the  principal  current. 

The  brain,  freshly  removed  from  the  skull,  conducts 
extremely  well ;  and  the  current  which  may  be  derived  from 
it  is  most  intense  when  the  deriving  needles  are  in  a  straight 
line  between  the  two  electrodes.  Thus,  if  the  current  was 
sent  longitudinally  through  one  hemisphere,  and  the  deriv- 
ing needles  were  placed  straight  between  the  principal 
electrodes,  the  deflections  were  as  follows : — 

6°-8  with  1  pair  of  Siemens's  (Daniell-Muirhead's)  battery. 
ll°-2     „     2  pairs 
21°-7     „     3     „ 
32°-6     „     4     „ 
43°-8     „     5     „  „ 

On  the  other  hand,  if  the  deriving  needles  were  placed 
laterally  from  the  principal  electrodes,  the  deflection  was 
considerably  diminished.     It  was  only — 

*  Die  Electricitat  in  der  Medicin.    Vierte  Auflage.     Berlin,  1872,  p.  30. 
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4°-9  with  1  pair  of  the  same  battery. 

7°-9     „     2  pairs  „ 

15°-2  „  3  ,, 
22°-8  „  4  „ 
31°-5     „     5     „ 


Conducting  Power  of  the  Eyes. 

It  likewise  appears  from  Ziemssen's  researches  that  the 
eyes  possess  an  unusually  high  conductivity.  Thus,  for 
instance,  if  the  electrodes  of  the  principal  current  were 
placed  on  the  temples,  and  the  deriving  needles  intro- 
duced into  the  eyes,  the  following  deflections  were  ob- 
tained : — 

With  1  Siemens's  pair      .......  6°'4 

2  „        pairs 7°-3 

3  „  , 8°-5 

4  „  „ 9°-l 

5  „  „       .^ 10°-0 

6  „  „       .' ll°-2 

7  „  , 13°-7 

S  „  „ 17°-5 

9  „  „ 24° 

10  „  ........     o4°-4 

Ziemssen  has  calculated  the  resistance  of 

the  brain      at    1,693'3  Siemens's  units, 
the  eyes        at    2,65r2  „ 

the  muscles  at    6,192  „ 

the  liver       at  11,592  ,, 

The  eyes,  therefore,  conduct  nearly  three  times  better 
than  the  muscles,  and  are,  as  far  as  conducting  power  is 
concerned,  only  surpassed  by  the  brain.  Since,  however, 
the  brain  is  much  more  thoroughly  protected  by  its  mem- 
branous and  osseous  coverings  than  the  eyes,  which  latter, 
by  means  of  the  highly  vascular  connective  tissue  that 
surrounds  them,  are  in  an  intimately  conducting  connection 
with  the  cheek,  the  eyes  might  almost  be  pronounced  the 
best  conducting  part  of  the  body.     This  is  in  accordance 
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with  the  quantity  of  water  contained  in  them,  which,  accord- 
ing to  G-orup-Besanez,  is  .90  per  cent. 

Ziemssen  obtained  positive  results  with  the  organ  of 
hearing,  the  tongue,  the  cervical  sympathetic,  the  lungs, 
heart,  liver,  spleen,  intestines,  and  bladder.  The  deflections 
were  always  greatest  if  the  deriving  needles  were  in  a  straight 
line  with  the  electrodes  of  the  principal  current. 

Another  important  fact  which  has  resulted  from  the 
observations  of  Burckhardt,  Bruckner,  and  Ziemssen,  is  that 
the  deflection  increases  with  the  distance  of  the  deriving 
electrodes  from  one  another.  Thus,  for  instance,  if  the 
sartorius  muscle  was  insulated,  and  the  deriving  electrodes 
were  placed  at  different  distances,  the  following  deflections 
were  obtained : — ■ 

a.     1  centimetre  distance,    5  Siemens's  pairs 


10 
15 
1 
10 
15 


10 


airs 

.       l°-2 

,, 

6°-l 

,, 

.     24°-2 

.       4°-2 

,,     . 

.  -  15° 

,,     • 

.     74°-6 

It  is  probable  that  the  conductivity  of  tissues  is  changed 
during  disease^  but  accurate  observations  on  the  subject 
are  as  yet  wanting.  Dr.  Sycyanko,^  of  Cracow,  has  noticed 
diminished  conductive  power  in  diseased  joints.  A  current 
from  a  battery  of  twenty  zinc  and  carbon  plates  passing- 
through  a  healthy  leg,  gave,  with  Siemens's  multiplier,  a 
deviation  of  15°  or  20°,  while  thirty  pairs  of  plates  in  a 
diseased  knee  gave  a  scarcely  appreciable  deflection. 

Anchylosed  joints  commonly  offer  an  increased  resistance  to 
the  galvanic  current,  in  proportion  to  the  stiffness  of  the  joint. 
This  is  easily  explained  by  the  circumstance  that  such  joints 
contain  an  increased  quantity  of  solid  mattej,  and  less  water 
than  healthy  joints.  On  the  other  hand,  we  might  expect  that 
in  conditions  where  the  reverse  takes  place,  viz.  an  increase 


»  Medical  Times  and  Gazette,  April  3,  1869. 
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of  water  at  the  expense  of  solid  tissues,  the  conductivity  of 
pathologically-altered  structures  would  appear  increased. 

(B)  Electro-Magnetism  (syn.  Faradism,  Volta-Fara- 
dism^). — Phenomena  showing  the  close  relation  that  exists 
between  electricity  and  magnetism,  have  been  observed 
centuries  ago.  By  a  lightning-stroke  masses  of  steel  and 
iron  have  been  magnetised  ;  watches  have  been  stopped  in 
consequence  of  the  magnetisation  produced  by  lightning  in 
the  pieces  of  steel  of  the  balance  ;  the  poles  of  mariners' 
compasses  have  been  reversed  by  the  fall  of  lightning  upon 
ships — an  occurrence  which  has,  in  some  instances,  been 
attended  with  fatal  results  to  sailors,  who  being  guided  in 
a  contrary  direction,  were  cast  upon  rocks,  from  which  they 
thought  they  were  receding  at  full  sail. 

In  1819,  Oersted,  a  Danish  philosopher,  made  the  first 
scientifi.c  observation  on  the  action  of  electricity  upon  a 
magnet.  He  found  that  when  the  two  poles  of  a  galvanic 
battery  are  united  by  a  metal  wire,  placed  closely  above  or 
below  a  magnetised  needle,  the  needle  suffers  a  deflection, 
the  extent  of  which  is  directly  proportional  to  the  power  of 
the  battery,  and  inversely  proportional  to  the  distance 
between  the  needle  and  wire.  The  needle  tends  to  place 
itself  at  a  right  angle  to  the.  conjunctive  wire,  and  succeeds 
in  attaining  this  position  when  the  current  of  the  battery 
is  powerful  and  the  needle  very  near  to  the  wire. 

Astatic  Needle. — Ampere  then  drew  the  attention  of 
natural  philosophers  to  tlie  fact  that  the  magnetism  of  the 
earth  prevents  the  magnetised  needle  from  entirely  obeying 
the  action  of  the  current,  as  tliat  influence  continually  tends 
to  reduce  the  needle  to  the  plane  of  the  magnetic  meridian. 


'  The  term  '  Faradism  '  has  been  proposed  by  M.  Duehenne  (de  Eoulogne), 
who  has  also  coined  the  words '  faradise '  and  '  faradisation.'  '  Volta-faradism' 
means  electro-magnetism,  as  distinguished  from  '  magneto-faradism '  or 
magneto-electricity. 
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To  obviate  this  inconvenience  lie  constructed  the  so-called 
astatic  needle,  composed  of.  two  magnetised  needles  placed 
in  a  parallel  direction,  whereby  the  influence  of  the  earth  is 
more  or  less  counter-balanced.  But  the  two  needles  cannot, 
under  any  circumstances,  be  perfectly  alike,  nor  placed  in 
two  directions  exactly  parallel,  nor  possess  absolutely  the 
same  quantity  of  magnetism ;  and  therefore  the  earth  will 
always  exercise  a  certain  amount  of  action  upon  the  astatic 
system.  The  effect  of  an  electric  current  is,  however,  much 
stronger  upon  a  double  than  upon  a  single  needle  ;  and  a 
very  feeble  cm'rent  which  is  not  able  to  deflect  the  latter, 
will  produce  a  marked  effect  upon  the  astatic  system,  es- 
pecially if  the  wire  by  which  the  current  is  transmitted  be 
bent,  so  that  it  is  no  longer  above  or  below  the  needle,  but 
forms  two  parallel  branches,  between  which  the  needle  is 
suspended ;  care  being  taken  that  the  current  does  not  pass 
directly  from  one  coil  to  the  other,  which  is  prevented  by 
covering  the  wire  with  an  insulating  sheath  of  silk  or  gutta 
percha.  If  there  be  two  such  coils,  the  action  of  the  current 
upon  the  needle  is  twice  as  powerful  as  if  the  wire  had  been 
only  above  or  below  the  needle,  and  each  further  convolution 
of  the  wire  will  proportionately  increase  the  action  of  the 
current  upon  the  needle. 

Soon  after  Oersted's  discovery  had  been  made  known,  Arago 
found  that  the  electric  current  imparted  a  strong  magnetic 
force  to  pieces  of  soft  iron,  steel,  and  other  magnetic  bodies, 
which  did  not  possess  it  previously.  He  saw  that  when  a 
fine  iron  wire  was  traversed  by  the  current,  it  acquired  the 
property  of  attracting  iron  filings,  which  dropped  again 
when  the  current  ceased  to  pass.  Arago  succeeded  likewise 
in  magnetising  needles  by  discharges  from  a  Leyden  jar. 
He  showed  that,  if  a  copper  wire  covered  with  silk  or  gutta 
percha  be  coiled  round  a  bar  of  soft  iron,  and  an  electric 
current  be  made  to  pass  through  the  wire,  the  soft  iron, 


80  POEMS  OF  ELECTEICITY  chap.  r. 

although  it  does  not  form  part  of  the  circuit,  yet  becomes 
powerfully  excited  by  the  surrounding  wire.  Each  convolu- 
tion of  the  wire  causes  a  certain  amount  of  magnetism  in 
the  iron ;  and  by  employing  a  large  number  of  convolutions, 
a  magnet  of  enormous  power  may  be  produced.  This 
magnetism  is,  however,  not  permanent,  for  it  ceases  at  once 
when  the  circuit  is  broken.  Within  an  instant  the  electric 
current  may  magnetise  the  iron  by  its  passage,  and  demag- 
netise it  by  its  cessation.  Such  temporary  magnets  are 
termed  electro-magnets,  in  order  to  distinguish  them  from 
permanent  magnets  of  steel. 

Induction  Currents. — Science  had  advanced  thus  far 
when  Faraday  discovered,  in  1831,  that  a  galvanic  current 
is  able  by  induction  to  develope  electric  currents  in  conduct- 
ing wires.  This  is  proved  by  the  following  experiments  : — 
Two  conducting  wires  are  placed  on  an  insulating  plane, 
parallel  with,  and  very  near  to,  each  other ;  the  two  ends  of 
the  first  wire  are  then  connected  with  the  poles  of  a  galvanic 
battery,  and  the  two  ends  of  the  second  wire  with  the 
extremities  of  a  multiplier,  in  order  to  enable  us  to  ascertain 
the  electric  movement  in  the  wire  by  the  deflection  of  the 
needle.  At  the  moment  when  the  battery  current  is  made 
to  pass  through  the  first  wire,  the  needle  of  the  multiplier 
communicating  with  the  second  wire  is  deflected,  then 
suffers  some  oscillations,  and  finally  returns  to  rest,  which 
remains  undisturbed  as  long  as  the  battery  current  continues 
to  pass  through  the  wire.  But  as  soon  as  the  communication 
between  the  battery  and  the  first  wire  is  interrupted,  the 
needle  suffers  another  deflection  in  a  contrary  direction  to 
that  in  which  the  former  had  occurred.  From  this  it 
appears  that  the  galvanic  current  which  traverses  the  first 
wire  determines  in  the  second  an  instantaneous  current  at 
the  moment  when  it  begins  to  circulate,  and  another  equally 
instantaneous  current  at  the  moment  when  it  ceases  to  pass. 


CHAP.  I.  DYNAMIC   ELECTRICITY  81 

The  multiplier  indicates  not  only  the  existence  of  such 
instantaneous  currents,  but-  also  their  direction ;  showing 
that  the  current  induced  in  the  second  wire  on  Qnaking  the 
circuit  flows  in  a  direction  contrary  to  that  of  the  battery 
current,  while  the  direction  of  the  current  induced  in  the 
second  wire  on  hreaking  the  circuit  is  equal  to  that  of  the 
battery  current.  The  intensity  of  these  instantaneous 
cui'rents  may  be  increased  by  employing  two  copper  wires 
of  great  length  covered  with  silk  or  gutta  percha,  and  coiled 
round  a  hollow  reel,  so  as  to  form  two  helices,  the  convolu- 
tions being  as  near  as  possible  to 
each  other. 

The  intensity  of  induction 
currents  is  further  increased  by 
introducing  into  the  cavity  of 
the  coil  pieces  of  soft  iron,  which 
become  magnetic  under  the  in- 
fluence  of  the   battery  current, 

and      thereby     produce      other       7^^  3g_j,^^^^^^.^^  ^.^.^ 
electric     cm'rents     in    the     two 

wires.  The  centre-piece  of  soft  iron  is  generally  called  the 
core ;  and  it  is  not  necessary  that  it  should  be  very  close 
to  the  convolutions  of  the  coil.  How  the  influence  is 
transmitted  from  one  to  the  other,  is  a  most  perplexing 
question,  which  yet  awaits  its  solution.  The  currents 
produced  by  the  magnetism  of  the  soft  iron  are  equally 
instantaneous  as  the  currents  developed  by  the  inducing 
current  of  the  battery.  They  are  not  produced  whilst  the 
soft  iron  is  magnetic,  but  only  at  the  moment  when  it 
acquires  and  loses  its  magnetism.  Therefore  the  demag- 
netisation of  the  soft  iron  has  the  same  effect  as  breaking 
the  current  of  the  battery,  in  the  production  of  an  instan- 
taneous induced  current. 

G 
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The  power  of  the  electro-magnet  to  increase  the  intensity 
of  induction  currents  differs  according  to  the  shape  and 
quantity  of  the  iron.  It  is  sufficient  for  producing  a  striking 
effect,  to  have  a  single  piece,  or  a  hollow  cylinder,  of  soft 
iron  round  which  the  copper  wires  are  coiled,  but  the  effect 
is  increased  if  a  bundle  of  iron  wires  be  used  ;  and  yet  more, 
if  these  wires  are  insulated  from  each  other  by  layers  of 
varnish.  It  was  formerly  believed  that  the  increased  effect 
was  due  to  the  circumstance  that  the  iron  wires  are  softer 
than  a  solid  cylinder,  and  therefore  would  become  more 
strongly  magnetised.  But  Prof.  Magnus,  of  Berlin,  has 
shown  that  such  is  not  the  case,  the  magnetism  of  a  solid 
cylinder  being  equally  powerful  as  that  of  a  bundle  of  wires 
of  the  same  bulk  ;  and  that  the  increased  effect  is  due  to  the 
bundle  of  wires  conducting  less  well  than  the  solid  cylinder. 
When  the  poles  of  the  battery  are  in  connection  with  the 
coil,  instantaneous  currents  are  produced  in  the  central  soft 
iron,  as  well  as  in  the  wires  that  are  coiled  round  it.  Now 
the  current  produced  in  the  soft  iron  on  breaking  the  circuit 
notably  retards  the  demagnetisation  of  the  soft  iron  ;  its 
magnetism,  therefore,  disappears  much  more  rapidly  if  the 
production  of  currents  in  it  be  prevented  as  much  as 
possible.  Electric  currents  are  most  easily  produced  in  a 
solid  bar  of  soft  iron,  less  easily  in  a  bundle  of  iron  wires, 
and  least  so  if  these  wires  be  insulated  by  varnish. 

Prof.  Dove,  of  Berlin,  has  shown  that  the  intensity  of  an 
induced  current  is  much  diminished  by  covering  the  electro- 
magnet with  a  closed  tube  of  a  non-magnetic  metal  (brass  or 
copper).  This  is  due  to  the  development  of  induced  cur- 
rents in  the  tube,  whereby  the  magnetism  of  the  soft  iron  is 
counterbalanced.  The  tube  does  not  prevent  the  action  of 
the  current  upon  the  galvanometer,  but  it  greatly  diminishes 
the  magnetising  as  well  as  the  physiological  effects  of  the] 
same.     A  metal  tube  covering  the  electro-magnet  may  there- 
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fore  be  employed  as  a  regulator  of  the  intensity  of  the 
current  in  physiology  and  therapeutics. 

The  first  wire  of  the  induction  coil,  the  ends  of  which  are 
connected  with  the  poles  of  the  battery,  is  comparatively 
short  and  thick,  as  the  inducing  current  of  the  battery, 
which  is  propagated  in  it,  is  generally  that  of  a  single  pair, 
and  the  resistance  of  the  conducting  wire  must  be  slight,  if 
a  powerful  electro-magnet  is  to  be  produced.  But  in  the 
short  and  thick  wire  we  have  not  only  the  battery  current, 
but  another  one  which  is  much  stronger,  and  which  is  de- 
veloped by  the  mutual  action  of  the  convolutions  of  the 
short  and  thick  wire  upon  each  other — an  effect  which  only 
takes  place  if  these  convolutions  are  very  near  to  each  other ; 
they  therefore  serve  at  the  same  time  as  inducing  body  and 
as  induced  body.  This  second  current,  which  Faraday  has 
termed  extra-current,  is  produced  not  only  when  the  circuit 
is  broken,  bat  also  when  it  is  "established.  Its  direction  is 
contrary  to  that  of  the  battery-  current  on  closing,  and  equal 
to  it  on  opening  the  circuit.  Its  energy  is  notably  increased 
by  the  presence  of  soft  iron  in  the  interior  of  the  bobbin  ;  it 
is  capable  of  deflecting  the  needle  of  a  galvanometer,  pro- 
duces sparks,  shocks,  and  heat,  and  decomposes  water.  The 
extra-current  is  due  to  induction  by  its  own  convolutions 
and  by  the  electro-magnet ;  while  the  current  induced  in  the 
second  wire  arises  frona  induction  by  the  battery  current  and 
by  the  electro-magnet. 

Mr.  Henry,  of  Princetown,  has  found  that  the  action  of 
induction  is  not  confined  to  two  coils  ;  but  that  a  current 
induced  in  the  second  wire  may  again  induce  another  current 
in  a  third  coil,  if  this  be  placed  near  the  second ;  that  the 
current  produced  in  the  third  wire  may  give  rise  to  a  current 
in  a  fourth  coil,  &c.  Mr.  Henry  has  also  determined  the 
direction  of  these  induced  currents  of  the  second,  third,  and 
fourth  order,  and  found  that  if  the  current  induced  in  the 
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second  coil,  a  6,  be  positive,  that  induced  in  the  third  wire, 
c  d,  is  again  positive,  whilst  that  induced  in  the  fourth,  e  f,  is 
negative,  that  in  the  fifth  positive  again,  &c. 


Fig.  37- — Induction  Currents  of  Higher  Orders. 

The  intensity  of  induced  currents  depends,  in  the  first 
place,  upon  the  intensity  of  the  inducing  current  of  the 
battery  :  if  this  be  feeble,  it  will  not  be  able  to  develope  a 
powerful  magnetism  in  the  soft  iron,  and  the  extra-current, 
as  well  as  the  current  induced  in  the  second  wire,  will  be  of 
low  tension.  It  depends,  moreover,  upon  the  transverse  sec- 
tion, and  the  number  of  convolutions  of  the  wires,  being 
directly  proportional  to  the  number  of  convolutions  and  in- 
versely proportional  to  the  diameter  of  the  wire,  so  that  the 
current  becomes  stronger  in  proportion  to  the  length  and 
fineness  of  the  wire.  Finally,  it  depends  upon  the  quantity, 
and  the  more  or  less  insulated  state,  of  the  soft  iron  in  the 
centre  of  the  coil. 

An  induced  current  differs  from  a  continuous  current,  in 
the  first  place,  by  its  being  instantaneous.  To  this  circum- 
stance is  due  the  striking  physiological  effect  of  the  former 
upon  the  motor  nerves  and  muscles ;  for  motor  nerves  and 
muscles  are  not  excited  by  a  closed  circuit,  but  by  variations 
in  the  density  of  the  current.  Again,  the  induced  differs 
from  the  continuous  current  in  so  far  as  the  direction  of  the 
latter  is  always  the  same,  whilst  the  former  moves  alternately 
in  different  directions  ;  for  the  deflections  of  the  magnetised 
needle  show  that  the  current  induced  in  the  second  wire,  on 
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closing  the  circuit  of  the  battery,  has  a  direction  contrary  to 
that  of  the  current  induced  on  opening  it.  This  circumstance 
gives  rise  to  a  peculiarity  in  the  chemical  action  of  the  induced 
current.  When  water  is  decomposed  by  a  continuous  cur- 
rent, hydrogen  appears  at  the  negative,  and  oxygen  at 
the  positive  pole.  But  such  is  not  the  case  if  induction 
currents  are  made  to  act  upon  water ;  for,  as  each  wire 
alternately  serves  as  positive  and  negative  pole,  both  hydro- 
gen and  oxygen  appear  successively  at  either  of  the  poles. 
The  gases,  therefore,  represent  an  explosive  mixture ;  and  if 
the  currents  succeed  each  other  rapidly,  both  gases  appearing 
simultaneously,  and  both  being  in  the  nascent  state,  they 
combine  again  to  form  water,  so  that  water  is  apparently 
unaffected  by  it.  When  platinum  plates  are  used  as  electrodes 
and  induction  currents  sent  through  them  in  rapid  succes- 
sion, oxygen  is  set  free  and  oxidates  the  platinum  ;  but  oxide 
of  platinum  is  immediately  afterwaids  reduced  to  metallic 
platinum  by  the  nascent  hydrogen.  Thus,  a  series  of  oxida- 
tions and  reductions  takes  place,  in  consequence  of  which  the 
platinum  plates  become  at  last  covered  with  a  black  powder, 
which  is  finely-divided  metallic  platinum.  Another  experi- 
ment, showing  that  induction  currents  move  alternately  in 
different  directions,  is,  to  bring  a  solution  of  iodide  of 
potassium  and  starch  into  the  circuit ;  the  blue  colour  indi- 
cating the  liberation  of  iodine  will  then  shortly  appear  at 
either  of  tho  poles,  while  if  we  decompose  that  solution  by 
the  continuous  current,  the  blue  colour  is  only  noticed  at  the 
positive  pole. 

It  would,  therefore,  appear  erroneous  to  speak  of  a  per- 
manent positive  and  negative  pole  in  an  induction  apparatus 
employed  for  physiological  or  therapeutical  purposes. 
Such  is,  indeed,  the  opinion  of  M.  de  la  Eive,^  who  explains 

»  A  Treatise  on  Electricity,  in  Theory  and  Practice.  Translated  by  Chiirles 
Walker.     London,  1858.     Vol.  iii.  p.  603. 
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the  difference  in  the  physiological  and  therapeutical  action 
of  the  extra-current,  and  of  the  current  induced  in  the 
second  wire,  partially  by  the  circumstance  that  the  extra- 
current  always  moves  in  the  same  direction,  whilst  the 
current  induced  in  the  second  wire  alternately  moves  in  con- 
trary directions.  But  this  author  has  evidently  disregarded 
the  fact,  that  the  current  induced  in  the  second  wire  has 
scarcely  any  effect  at  all  on  closing  the  circuit,  while  it  has  a 
powerful  physiological  action  on  opening  the  circuit.  We 
may,  therefore,  when  employing  induction  currents  in  physi- 
ology and  therapeutics,  only  consider  the  current  induced  on 
opening  the  circuit,  which  has  a  direction  equal  to  that  of 
the  battery  current. 

We  now  proceed  to  take  a  short  glance  at  Faraday's  dis- 
covery of  electric  currents  induced  by  a  permanent  magnet 
of  steel. 

(C)  Magneto-Electricity  {Magneto-Faradism). — If  the 
pole  of  an  ordinary  magnet  be  approached  to  one  end  of  a 
copper  wire  covered  with  silk  or  gutta  percha,  and  coiled 
round  a  wooden  reel,  the  needle  of  a  galvanometer,  com- 
municating with  the  end  of  this  wire,  is  seen  to  suffer  a  de- 
flection. As  long  as  the  magnet  remains  in  the  same  posi- 
tion, the  needle  is  not  further  disturbed  ;  but  when  the 
magnet  is  withdrawn,  another  deflection  of  the  needle  takes 
place,  which  indicates  the  existence  of  another  instantaneous 
current  produced  in  the  wire,  and  moving  in  a  direction  con- 
trary to  the  first.  The  current  produced  by  a  permanent 
magnet  of  steel  is  called  the  ^magneto-electric  or  magneto- 
faradic  current,  in  order  to  distinguish  it  from  the  electro- 
magnetic or  volta-faradic  current  induced  by  voltaic 
electricity.  For  producing  a  succession  of  magneto-faradic 
currents,  the  magnet  must  be  continually  approached  to,  and 
withdrawn  from,  the  coil  of  wires.  In  order  to  effect  a  very 
rapid   succession,  therefore,  the    permanent  magnet   is    not 
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made  to  act  immediately  on  the  wires,  but  an  armature  of 
soft  iron,  ha^dng  the  form  of  a  horse-shoe,  is  surrounded  by 
them,  and  set  in  rotation  before  the  two  poles  of  the 
magnet,  by  means  of  a  wheel  connected  with  an  endless  cord. 
By  each  turn  of  the  wheel  the  two  branches  of  the  armature 
are  made  to  pass  before  the  poles  of  the  magnet ;  at  each 
passage  there  is  magnetisation  and  demagnetisation  of  the 
soft  iron;  and  an  electric  current  is  produced  at  the  moment 
when  the  armature  is  approached  to,  and  when  it  is  with- 
drawn from,  the  magnet. 

The  intensity  of  the  magneto-faradic  current  depends  upon 
the  power  of  the  magnet,  the  number  of  convolutions  and 
the  diameter  of  the  wire  coiled  round  the  armature  of  soft 
iron,  on  the  distance  of  the  armature  from  the  poles  of  the 
magnet,  and  finally  on  the  velocity  with  which  the  wheel  is 
turned.  The  physiological  effect  is  produced  on  making  as 
well  as  on  breaking  the  circuit;  in  the  latter  case  the  effect 
is  stronger,  but  the  difference  is  not  so  great  as  with  the 
volta-faradic  current.  If  it  be,  therefore,  intended  to  avoid 
the  continuous  change  in  the  direction,  and  to  operate  with 
a  succession  of  currents  all  guided  in  the  same  direction,  a 
wheel  is  employed,  the  teeth  of  which  are  alternately  of 
metal  and  ivory,  so  that  only  one  of  the  two  currents  which 
are  produced  is  collected.  But  this  can  only  be  effected 
at  very  high  speed,  and  the  commutators  generally  soon  get 
out  of  order. 

M.  Grramme  has  recently  constructed  a  magneto-electric 
machine  which  promises  to  become  of  considerable  practical 
value,  and  which  has  this  peculiarity,  that  the  current  fur- 
nished by  it  is  not  intermittent,  but  continuous  even  at  low 
speed.  The  machine  is  composed  of  three  rings  of  soft 
iron  encircled  with  an  endless  coil  of  copper  wire.  Each  of 
these  rings  is  made  to  rotate  between  the  two  poles  of  a 
powerful  electro-magnet.    The  magnets  are  vertical  cylinders 
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of  soft  iron,  3  feet  6  inches  high,  by  3^  inches  in  diameter, 
and  are  coiled  round  with  insulated  copper  wire.  They  are 
connected  at  the  top  by  a  square  cast-iron  plate,  and  at  the 
bottom  let  into  a  base-plate  2  feet  8  inches  square.  When 
the  machine  is  in  action,  the  half  of  each  ring*  which  is  next 
to  the  north  pole  of  the  magnet  takes  south  polarity,  while 
the  opposite  half,  near  to  the  south  pole,  takes  north  polarity. 
The  two  neutral  points  of  the  system  are  equi-distant  on 
each  side.  The  rings  or  bobbins  are  rotated  on  a  horizontal 
axis,  and  when  they  are  set  in  motion  their  polarity  remains 
unchanged  in  position  with  regard  to  the  operator.  The 
action  is  therefore  equivalent  to  the  coils  alone  being  rotated 
over  a  stationary  ring-shaped  magnet.  The  effect  of  this  is 
to  produce  currents  in  the  two  halves  of  each  ring  in  opposite 
directions  between  its  two  neutral  points.  At  these  points, 
however,  contacts  are  placed,  which  touch  in  succession  a 
series  of  studs  insulated  from  each  other  and  connected  at 
regular  intervals  with  the  coil  of  wire.  Thus  tlie  opposite 
currents  in  the  two  halves  of  each  ring,  instead  of  neutral- 
ising each  other,  unite  and  form  a  single  current. 

The  machine  can  be  turned  by  hand.  The  current  appears 
to  be  producible  in  large  quantities,  at  a  much  cheaper 
rate  than  by,  and  of  equal  constancy  with,  galvanic  batteries. 
A  further  superiority  of  it  over  the  batteries  is  believed  to  be 
found  in  the  fact  that  the  resistance  remains  the  same, 
whatever  may  be  the  speed  at  which  the  machine  is  driven. 
Therefore,  by  driving  it  at  double  speed,  twice  as  much 
electro-motive  force  is  obtained,  which  represents  twice  as 
much  current.  It  renders  ten  feet  of  platinum  wire  red-hot 
in  a  few  seconds.  The  light  which  may  be  obtained  with  it 
is  very  brilliant  and  steady,  and  metals  may  be  fused  by  it 
with  great  ease.  It  has  also  electrolytic  effects,  and  is  used, 
by  the  firm  of  Christofle  and  Co.,  of  Paris,  for  electro-plating. 

Mr.  Sabine  has  made  some  experiments  in  order  to  deter- 
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mine  the  electro-motive  force  of  Grramme's  apparatus,  and 
has  fomadthat  with  a  machine  which  contained  four  horse-shoe 
magnets  1 8  inches  in  length,  2  inches  wide,  and  f  inch  thick, 
and  a  coil  composed  of  thirty-six  bobbins,  each  containing  110 
yards  of  copper  wire,  the  following  results  were  obtained  : — 

Handle  turned,  Electro-motive  force 

times  per  minute  (Daniell's  battery  =  1) 

60  16 

100  28 

120  33 

180  47 

With  another  machine  which  contains  six  magnets,  and  in 
which  each  bobbin  contains  180  yards  of  wire,  the  results 
were  similar  : — 

Handle  turned,  Electro-motive  force 

times  per  minute  (Daniell's  battery  =  1) 

60  16 

120  32 

180  47 

In  these  experiments  the  handle  of  the  machine  was  turned 
by  hand,  without  much  force. 

In  its  present  shape,  Grramme's  machine  is  not  fit  for 
medical  practice  ;  but  there  can  be  little  doubt  that  it  will 
soon  be  utilised  for  it,  and  that  magneto-electricity  will  thus 
once  more  become  of  therapeutical  importance. 


III.— ANIMAL  ELECTRICITY. 

Life  is  not  possible  without  a  continuous  disturbance  oc- 
curring in  the  equilibrium  of  the  molecules  of  the  body ;  and 
as  every  disturbance  of  molecules  is  accompanied  with  a 
liberation  of  electricity,  the  existence  of  electric  currents  in 
the  animal  body  during  life  appears  a  necessity. 

That  certain  fishes,  when  touched,  give  shocks,  was  already 
known  to  the  Eomans,  who  employed  them  for  the  cure  of 
headaches   and  gout.     The  best  known   among  these  fishes 
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are  the  Torpedo,  or  electric  ray  ;  the  Gymnotus,  or  electric 
eel ;  and  the  Malapterurus,  or  electric  shad.  The  Torpedo 
is  frequent  in  the  Mediterranean,  and  has  been  examined  by 
Dr.  John  Davy,^  Matteucci,^  Kolliker,^  and  Max  Schultze  ;  ^ 
the  Grymnotus  is  found  in  Surinam,  in  the  ponds  of  Bera  and 
Eastro,  and  has  become  known  chiefly  by  the  graphic  de- 
scriptions of  Baron  Humboldt,^  and  the  able  researches  of 
Professor  Faraday ;  ^  while  the  structure  and  properties  of 
the  Melapterurus,  which  is  found  in  the  Nile,  have  been  in- 
vestigated by  Bilharz  ^  and  Max  Schultze.** 

If  an  electric  fish  be  touched  at  any  part  of  its  body, 
especially  at  the  fins,  it  gives  a  violent  shock,  analogous  to 
that  yielded  by  the  Ley  den  jar.  In  order  to  experience  the 
shock,  we  may  touch  the  fish  either  with  the  hand  or  with 
a  good  conductor  of  electricity,  such  as  a  metal  rod.  The 
discharges  are  also  diffused  to  a  considerable  distance  in  the 
liquid  in  which  the  fish  is  contained  ;  but  if  it  be  touched 
with  glass  or  resin,  no  shock  is  perceived. 

The  electricity  produced  by  these  animals  possesses  all  the 
properties  of  artificial  electricity.  It  exercises  attractive 
and  repulsive  powers ;  the  sparks  are  sufficient  to  melt  the 
leaflets  of  the  electroscope  ;  steel  needles  and  soft  iron  may 
be  magnetised  ;  water,  nitrate  of  silver,  iodide  of  potassium, 
may  be  decomposed  by  it ;  and  the  needle  of  a  galvanometer, 
when  brought  into  the  circuit,  suffers  a  deflection,  by  which 
we  are  enabled   to   determine  the  direction   of  the  current. 

1  Philos.  Trans.  1832,  vol.  ii.  p.  276 ;  and  Eesearches,  Physiological  and 
Anatomical.     London,  1839. 

^  Essai  sur  les  phenomenes  electriques  des  animaux.     Paris,  1840. 

^  Verhandlungen  der  Wiirzburger  physikalisch-medicinischen  Gresellschaft, 
vol.  viii.  p.  8. 

*  Zur  Kenntniss  des  elektrisehen  Organs  der  Fische.     Leipzig,  1859. 

*  Tableau  physique  des  regions  equatoriales.     Paris,  1807. 

*  Experimental  Eesearches  in  Electricity,  Philos.  Trans.  1844,  vol.  ii.  p.  6. 
'  Ueber  das  elektrische  Organ  des  Zitterwelses.     Leipzig,  1857. 

*  Loc,  cit.  p.  45. 
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The  quantity  of  electricity  liberated  in  these  fishes  is  in 
direct  proportion  to  the  energy  of  their  circulation  and  re- 
spiration. After  they  have  given  numerous  and  powerful 
shocks,  they  require  rest  and  nourishment,  in  order  to  store 
up  a  new  amount  of  galvanic  force. 

The   discharges   are   voluntary   and   entirely    under   the 


Fig.  38. — Torpedo,  or  Electric  Eay. 

control  of  the  animals,  just  as  the  squirting  of  sepia  from 
the  cuttle-fish ;  and  they  are  given  in  any  direction  they 
may  desire.  If  metals  be  placed  in  the  vessel  containing 
•  them,  the  fishes  become  very  much  excited,  and  attempt  to 
bite  them. 

It  seems  singular  that  the  fish  should  not  be  injured  by 
its  own  shocks.  According  to  Du  Bois'  observations,  the 
Malapterurus  even  possesses  a  certain  imimunity  against 
foreign  electricity  ;  nevertheless,  the  fish  seems  to  resent 
strong  shocks  which  are  applied  to  it,  and,  in  order  to  avoid 
them  as  much  as  possible,  places  itself  at  the  greatest  dis- 
tance attainable  from  the  electrodes,  at  a  point  where  the 
density  of  the  current  is  least  considerable,  giving  at  the 
same  time  shocks  of  its  own  in  self-defence. 

Torpedo. — The  electric  ray,  which  is  generally  of  incon- 
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siderable  size,  possesses  a  peculiar  organ,  by  which  the 
electricity  is  produced.  This  con- 
sists of  small  membranous  prisms,  a  b, 
packed  one  against  the  other,  like  the 
cells  of  a  honeycomb.     These  prisms 

are  divided  by  horizontal  diaphragms 
Fig.  39.— Electric  Organ  of  ,,        „  ,      ,  „„    .       .  , 

the  Torpedo.  mto  small  cells,  which  are  tilled  with 

an  albuminous  fluid.     It  is  impossible  not  to  be  struck  by 

the  close  resemblance  between  this  arrangement  and  that 

of  the  voltaic  pile  •  indeed,  the  electric  organ  of  the  Torpedo 

constitutes  a  veritable   battery,   forming  a  series  of   solid 

diaphragms,  positive  on  one  of  their  surfaces  and  negative  on 

the  other ;  a  conducting  electrolytic  liquid  being  interposed 

between  the  diaphragms. 

Max  Schultze  discovered  that  the  reaction  of  the  electric 
organ  of  the  living  Torpedo  is  acid.  It  is,  however,  not  yet 
known  whether  it  is  always  acid,  or  only  so  after  the  fish  has 
become  exhausted  by  violent  discharges  of  electricity. 

The  cells  of  the  electric  organ  are  traversed  by  numerous 
nerve-fibres,  arising  from  four  large  nerve-trunks,  which 
take  their  origin  from  the  fourth  lobe  of  the  brain,  in  which 
the  electric  power  resides.  When  this  lobe  is  irritated,  power- 
ful discharges  follow,  even  if  the  animal  be  to  all  appearance 
dead  ;  that  is  to  say,  if  by  cutting,  pinching,  or  squeezing 
it,  no  more  shocks  or  movements  can  be  produced.  When 
the  lobe  lias  been  destroyed,  the  discharges  cease  soon  after- 
wards ;  they  cease  likewise  when  the  connection  between  the 
brain  and  tlie  organ  has  been  interrupted  by  division  or 
ligature  of  the  nerves,  although  upon  irritating  the  deli- 
cate nerve-fibres  animating  the  organ,  electric  effects  may 
still  be  obtained  some  time  after  that  connection  has  been 
destroyed.  The  terminal  branches  of  the  nerves  are  very 
pale  and  slender  ;  they  anastomose  in  all  directions,  and 
form  a  delicate  network,  which  is  destroyed  by  most  chemi- 
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cal  tests  which  are  employed  in  microscopical  observations. 
The  richness  and  density  of  this  network  has  an  important 
relation  to  the  function  of  the  electric  organ.  The  electric 
action  disappears  forthwith  when  the  albumen  contained  in 
the  cells  of  the  organ  is  artificially  coagulated  by  boiling 
or  by  the  application  of  acids,  but  as  long  as  the  albumen 
remains  fluid,  the  discharges  may  continue  even  if  the  organ 
be  lacerated. 

When  the  Torpedo  is  fresh,  shocks  are  felt  wherever  the 
animal  is  touched  ;  but  when  it  has  become  weary,  and  pre- 
pared frog's  limbs  are  then  placed  upon  different  points  of  its 
body,  it  is  easy  to  perceive  that  only  those  limbs  suffer  com- 
motions which  are  in  contact  with  the  portion  of  the  skin 
corresponding  to  the  electric  organ.  The  direction  of  the 
current  is  from  the  back  to  the  belly  of  the  animal ;  the 
upper  surfaces  of  the  prisms  being  all  charged  with  positive 
electricity,  the  lower  ones  with  negative  electricity. 

The  shocks  are  given  by-  the  fish  voluntarily,  in  order  to 
kill  animals  necessary  for  its  nourishment,  or  they  are  due 
to  reflex  action,  just  as  in  other  animals  muscular  contrac-* 
tions  are  produced  either  voluntarily  or  by  reflex  action.  If 
the  fish  be  touched  at  any  point  of  the  skin,  the  stimulus  is 
transferred  from  the  cutaneous  nerves  to  the  brain,  and  from 
the  fourth  cerebral  lobe  back  to  the  electric  organ,  by  way 
of  the  four  nerve-trunks  connecting  the  lobe  with  the  electric 
organ. 

M.  Robin  has  discovered  that,  when  the  fish  is  placed 
fully  under  the  influence  of  ether,  or  is  poisoned  by  woorara 
or  strychnia,  the  shocks  cease  altogether.  When  the  electric 
organ  is  at  rest,  it  does  not  seem  to  possess  any  electro- 
motive properties,  nor  does  it  seem  to  acquire  them  when 
traversed  by  a  continuous  galvanic  current.' 

Oymnotus. — The    shocks    given    by    the    Grymnotus,    or 

*  Eckhard,  Betrage,  etc.,  vol.  ii.  p.  157. 
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Surinam  eel,  which  is  from  five  to  six  feet  long,  are  more 
powerful  than  the  discharges  of  the  Torpedo.  Humboldt 
relates  that  this  fish  may  kill  at  a  blow  horses  and  mules, 
and  that  some  time  ago  it  became  necessary  to  change  the 
road  from  Uritucu  through  the  Steppe,  because  the  electric 
eels  had  accumulated  in  a  rivulet  in  such  large  quantities, 
that  year  after  year  a  great  number  of  horses  were  benumbed 
by  the  shocks  and  drowned  in  the  passage.  If  the  discharge 
takes  place  through  a  chain  of  persons,  all  of  them  feel  a 
violent  concussion. 

The  Grymnotus  possesses  an  electric  organ  like  the  Torpedo, 
composed  of  a  great  number  of  prisms  similar  to  voltaic 
piles.  But  while  in  the  Torpedo  the  direction  of  the  current 
is  from  the  back  to  the  belly,  it  is  in  the  Surinam  eel  from 
the  head  to  the  tail ;  positive  electricity  being  accumulated 
on  the  anterior  part,  and  negative  electricity  on  the  posterior 
part  of  the  body.  If  the  animal  be  touched  at  the  head  and 
the  middle  of  the  body,  or  at  the  tail  and  the  middle  of  the 
body,  the  shock  has  only  half  the  intensity  of  that  experi- 
enced when  head  and  tail  are  touched  at  the  same  time. 

In  the  Torpedo  there  are  940  series  of  diaphragms,  each 
separate  series  containing  2,000  diaphragms  ;  in  the  Grym- 
notus there  are  only  96  series  of  diaphragms,  each  containing 
4,000  diaphragms.  We  have,  therefore,  1,880,000  dia- 
phragms in  the  Torpedo,  and  only  384,000  in  the  Grymnotus. 
Nevertheless,  the  shocks  given  by  the  latter  are  much  more 
powerful  than  the  discharges  of  the  former ;  which  is  due 
to  the  larger  surface  presented  by  the  diaphragms  of  the 
electric  organ  of  the  latter.  Its  electric  power  resides  like- 
wise in  the  brain. 

Malapterurus. — The  electric  organ  of  the  Malapterurus 
forms  a  tube  surrounding  the  fish  in  its  entire  length,  from 
head  to  tail.  It  is  intimately  united  with  the  skin  of  the 
animal,  and  divided  into  two  symmetrical  lateral  halves,  by 
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a  dorsal  and  ventral  longitudinal  septum.  Numerous  tendi- 
nous lamellae  traverse  the  organ,  and  form  a  sort  of  net- 
work, in  the  bi-pyramidal  alveoli  of  which  the  electric  plates 
are  found,  which  consist  of  membranous  expansions  of  the 
electric  nerves.  The  net- work  just  described  forms  a  sup- 
port for  the  plates,  the  intermediate  spaces  between  the 
tendinous  and  nervous  membranes  being  filled  with  a  viscid 
substance,  which  is  probably  albuminous.  Bilharz  has  dis- 
covered that  the  electric  organ  of  the  shad  is  animated  by 
a  single  primitive  nerve-fibre  emanating  from  each  side  of 
the  spinal  cord,  at  a  point  intermediate  between  the  second 
and  third  spinal-nerve  roots,  and  originating  in  a  single 
nerve-cell  of  comparatively  colossal  size,  it  being  visible  to 
the  naked  eye  as  a  small  yellow  point  in  the  interior  of  the 
cord.  The  electric  nerve,  however,  does  not,  as  Schultze 
found,  end  in  the  corresponding  half  of  the  electric  organ, 
but  passes  through  an  opening  in  the  same,  and  turns  back- 
wards, spreading  in  the  opposite  surface.  The  current  of 
the  Malapterurus  moves,  in  the  organ  and  the  water  sur- 
rounding it,  in  a  direction  from  the  head  to  the  tail,  and 
in  the  wire  of  the  galvanometer  from  the  tail  to  the  head. 

The  difference  in  the  arrangement  of  the  electric  organs 
in  the  Torpedo  on  the  one  hand,  and  the  Grymnotus  and 
Malapterurus  on  the  other  hand,  is  to  some  extent  explained 
by  the  fact  of  their  living  in  media  of  different  conductivity. 
The  Torpedo  lives  in  salt  water,  which  is  a  comparatively 
good  conductor,  and  has  therefore  a  short  and  thick  electric 
organ,  while  the  Gymnotus  and  Malapterurus,  which  live 
in  fresh  water — that  is,  in  a  comparatively  badly-conducting 
medium — have  long,  but  thin  organs. 

Nervous  and  Muscular  Electricity. — The  electric  currents 
circulating  in  other  animals  are  not  so  easily  perceived  as 
those  produced  by  the  electric  fishes ;  but  there  exists, 
nevertheless,  a  vast  multitude  of  well-determined  currents, 
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both  in  the  nerves  and  in  the  muscles  of  all  living  animals, 
which  have  for  the  most  part  only  local  circuits  ;  and  the 
presence  of  these  currents  is  not  due  to  any  physical  or 
chemical  action,  but  is  subordinate  to  the  life  of  the  animal, 
since  they  disappear  soon  after  death. 

It  is  very  difficult  to  make  conclusive  experiments  of  this 
kind,  because  the  currents  which  we  may  collect  are  merely 
derived  currents,  the  intensity  of  which  is  infinitely  more 
feeble  than  that  of  the  principal  nervous  or  muscular  cur- 
rent :  in  fact,  the  electro-motive  elements  in  the  nerves,  as 
well  as  in  the  muscles,  must  be  considered  as  in  the  con- 
dition of  a  closed  circuit,  and  every  current  collected  from  a 
nerve,  as  derived  from  a  current  circulating  in  the  nerve 
itself.  Moreover,  it  is  absolutely  necessary  to  avoid  any 
liberation  of  electricity  arising  from  other  sources  than  from 
the  animal  body  itself ;  and  without  this  precaution  all  ex- 
periments would  be  worthless.  Thus,  for  instance,  it  would 
not  be  a  proper  manner  of  examining  the  nerves  or  muscles 
with  regard  to  their  electric  properties,  to  connect  two  con- 
ducting wires  with  the  ends  of  a  galvanometer,  and  then  to 
touch  with  them  a  nerve  or  muscle.  By  experimenting  in  this 
way,  under  any  circumstances,  we  should  find  indications  of 
electricity,  for  no  two  pieces  of  metal  are  ever  completely 
identical ;  and  they  would  therefore,  if  placed  in  contact 
with  the  same  liquid,  give  rise  to  an  electric  current,  the 
intensity  of  which  would  be  sufficient  to  deflect  the  needle 
of  a  sensitive  multiplier.  But  even  if  the  metals  were 
identical,  it  would  suffice  to  touch  the  tissues  a  fraction  of 
a  second  sooner  with  one  than  with  the  other,  for  producing 
an  electric  current  which  would  be  indicated  by  the 
needle. 

Galvani^s  Discovei^. — Galvani  was  the  first  to  show  ex- 
perimentally the  existence  of  electric  currents  in  a  frog, 
which  he  had  prepared  in  a  peculiar  manner.     He  killed 
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the  animal,  rapidly  skinned  it,  and  passed  the  point  of  a 
pair  of  scissors  beneath  the  two  lumbar  nerves,  which  appear 
like  white  threads  on  each  side  of  the  vertebral  column.  The 
second  and  third  lower  vertebrse  were  then  removed,  so  that 
the  lumbar  nerves  were  laid  bare,  and  formed  the  only  link 


Fig.  40. — Galvaui's  Frog. 

between  the  hinder  extremities  of  the  frog  and  its  upper 
vertebrse.  On  connecting  the  nerves  and  muscles  of  the 
frog  by  means  of  an  arc  composed  of  two  metals,  he  per- 
ceived powerful  contractions  of  the  muscles.  Volta  objected 
to  this  experiment,  that  the  electric  current  thus  liberated 
was  due  to  the  contact  of  the  two  heterogeneous  metals. 
Gralvani  therefore  connected  the  nerves  and  muscles  by  means 
of  an  arc  of  homogeneous  metal,  and  succeeded  equally  in 
producing  contractions.  But  Volta  contended  that  any 
difference,  however  slight,  in  the  homogeneity  of  conducting 
bodies  in  contact  was  sufficient  to  produce  an  electric  current 
rendered  perceptible  by  the  frog's  contractions.  Gralvani 
then  divided  the  nerves  of  the  frog  at  their  exit  from  the 
vertebral  canal,  raised  them  with  a  glass  rod,  so  as  to  bring 
them  in  contact  with  the  external  surface  of  a  frog's  thigh, 
on  a  single  point  of  the  muscle,  and  the  muscles  contracted 
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as  before.  Volta  now  endeavoured  to  prove  that  the  electric 
current  thus  produced  had  its  source  in  the  contact  of  nerve 
and  muscle  ;  but  Gralvani  succeeded  at  last  in  bringing  about 
contractions  by  merely  connecting  the  nerves  of  two  thighs, 
so  that  there  was  no  contact  between  heterogeneous  bodies. 
This  contraction  was  denied  by  Volta,  but  is  now  generally 
acknowledged.  Galvani  must  therefore  be  considered  the 
discoverer  not  only  of  galvanism,  but  also  of  animal  elec- 
tricity. 

Galvani's  theory  of  animal  electricity  may  be  shortly 
summed  up  as  follows  : — Animals  possess  a  special  and  in- 
dependent electricity  of  their  own,  which  deserves  the  name 
of  animal  electricity.  The  organs  in  which  this  force  resides 
are  the  nerves,  and  it  is  secreted  chiefly  by  the  brain.  The 
electricity  is  conducted  along  the  internal  substance  of  the 
nerves,  probably  the  thinnest  lymph;  and  it  may  thus- freely 
and  rapidly  circulate  in  the  nerves,  while  the  fatty  envelope 
of  the  latter  prevents  its  dispersion,  and  allows  it  to  accu- 
mulate. The  chief  receptacles  of  the  electricity  are  the 
muscles  ;  they  represent,  as  it  were,  a  Leyden  jar,  their  ex- 
ternal surfaces  being  negative,  while  the  inner  ones  are 
positive.  The  conductor  of  the  jar  is  the  nerve,  which, 
together  with  the  blood-vessels,  supplies  the  muscle  with 
electricity.  The  mechanism  of  motion  consists  of  drawing 
the  electricity  from  the  interior  of  the  muscle,  and  con- 
ducting it  along  the  nerves  to  the  external  surface  of  the 
muscle,  where  it  passes  out.  Each  contraction  is,  therefore, 
as  it  were,  accompanied  by  a  discharge  of  the  muscular 
Leyden  jar,  and  this  again  causes  a  fresh  contraction,  through 
the  stimulation  of  the  irritable  muscular  fibre  by  the 
electricity  flowing  over  the  external  surface  of  the  muscle.' 


■  1  Pffiff,  Ueber  thieriscbe  Elektricitat  und  Eeizbarkeit   (Leipzig,   1795),  p. 
329. 
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Volta's  views,  however,  Were  generally  accepted  by  na- 
tural philosophers,  and  it  was  not  until  thirty  years  later  tliat 
Gralvani's  experiments  were  again  taken  up  by  M.  Nobili,^  of 
Eeggio,  who  employed  for  his  researches  a  sensitive  multiplier, 
and  succeeded  in  showing  the  existence  of  an  electric  current 
in  the  frog,  which  he  believed  peculiar  to  that  animal.  He 
prepared  a  frog's  limb  as  usual,  immersed  both  feet  in  two 
separate  vessels  filled  with  water  or  salt  water,  and  found 
that  if  one  of  the  ends  of  the  galvanometer  was  placed  into 
each  vessel,  the  needle  showed  by  its  deflection  the  existence 
of  a  current  moving  from  the  foot  to  the  head,  or  from  the 
muscle  to  the  nerve.  This  current  deflected  the  needle  to 
an  angle  of  30° ;  and  its  action  on  the  multiplier  was  not 
unfrequently  seen  to  last  for  several  hours.  Nobili  found 
that  touching  the  nerve  and  the  muscle  of  one  frog  with 
the  nerve  and  the  muscle  of  another  frog,  had  no  effect  on 
the  needle,  one  current  being  opposed  to   the  other  ;  but    if 


Fig.  41. — Nobili's  'Frog-current.' 

the  nerve  of  one  frog  was  placed  in  contact  with  the  muscle 
of  another  frog,  a  powerful  contraction  took  place. 

These  researches  were  further  pursued  by  Matteucci,^  who 
discovered  that  animal  electricity  is  capable  of  decomposing 


'  Annales  de  Chimie  et  de  Physique,  1828,  vol.  xxxviii.  p.  225. 

2  Comptes  rendus,  1837,  vol.  V.  p.  520.  And,,  Essai  sur  les  Phenomenes 
electriques  des  Animaux  (Paris,  1840);  and  Cours  d'Electro-physiologie  (Paris 
1858).  .  ., 
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iodide  of  potassium,  of  giving  signs  of  tension  with  a  delicate 
condenser,  and  of  deflecting  the  needle  of  the  galvanometer ; 
hut  it  was  a  German  philosopher,  Professor  Du  Bois- 
Eeymond,'  of  Berlin,  who  devised  the  most  ingenious  and 
unobjectionable  method  of  investigating  this  matter ;  by- 
means  of  which  he  was  enabled  notably  to  enlarge  our  know- 
ledge on  this  subject. 

His  views  were  at  one  time  universally  received  by  phy- 
siologists, but  have  of  late  years  been  fiercely  assailed  from 
different  quarters.  As  all  those,  however,  who  disagree  with 
Du  Bois,  likewise  disagree  most  flagrantly  with  each  other, 
we  have  simply  to  record  the  fact  that  the  subject  of  animal 
electricity  is  at  present  in  an  unsettled  condition  ;  and  we 
think  it  best  provisionally  to  retain  Du  Bois'  system,  until  its 
assailants  have  made  good  their  case. 

For  demonstrating  the  electric  properties  of  nerves  and 
muscles,  Du  Bois  selected  a  multiplier  brought  to  the 
highest  degree  of  sensitiveness,  and  the  pjiysiological  galva- 
noscope,  or  rheoscopic  limb. 

The  multiplier  (g,  fig.  42,)  is  made  very  sensitive,  partly 
by  employing  astatic  needles  of  the  utmost  possible  per- 
fection, and  partly  by  a  large  number  of  convolutions  of 
the  wire.  A  multiplier  possessing  less  than  11,000  turns  of 
a  fine  copper  wire  is  not  applicable  for  investigating  the 
current  proper  of  the  nerves :  and  for  demonstrating  the 
muscular  current  in  the  living  man,  24,000  convolutions  are 
necessary.  Such  an  instrument  indicates  not  only  the 
presence  and  direction  of  very  feeble  electric  currents,  but 
also  certain  changes  in  their  intensity.  There  is,  however, 
this  inconvenience,  that  the  magnetic  needle  is  too  slow  to 
indicate  a  current  of  instantaneous  duration,  and  that  it  is 
not  able  to  follow  all  the  vaiiations  in  the  intensity  of  the 
current,  which  sometimes  succeed   each  other  very  rapidly ; 

'  Untersuchungen  iiber  thierische  Elektricitat.     Berlin,  1848  and  1853. 
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for  it  will  only  tell  the  resultant  of  such  variations.  It  is 
therefore  necessary  to  have  another  and  more  delicate  indi- 
cator of  the  current ;  this  is  the  galvanoscopic  frog,  or  the 
rheoscopic  limb,  which  is  prepared  in  the  following  way  : — 


Fig.  42. — Du  Bois-Reymond's  Apparatus. 

A  frog  is  killed,  rapidly  skinned,  and  its  thigh-bone  cut  off 
just  above  the  insertion  of  the  gastrocnemius  muscle ;  all  the 
muscles  by  which  communication  is  kept  up  between  the 
upper  and  lower  piece  of  the  thigh  are  then  removed, 
and  the  sciatic  nerve  is  prepared  as  high  up  as  possible 
towards  its  origin,  and  afterwards  divided  at  its  upper  end 
so  as  to  remain  in  connection  with  the  leg.  The  frog's  limb 
thus  prepared  indicates  the  presence  of  currents  of  instanta- 
neous duration,  even  when  they  move  in  contrary  directions, 
and  succeed  each  other  very  rapidly.  It  has,  however,  the 
disadvantage  that  it  soon  loses  its  excitability,  and  that  it 
contracts  only  when  the  circuit  is  made  or  broken,  but 
not  while  the  circuit  remains  closed,  so  that  it  does  not 
help  us  to  decide  whether  there  is  a  continuous  current 
or  a  momentary  discharge.    It  is,  therefore,  obvious  that  the 
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multiplier  and  the   rheoscopic  limb  are  both  necessary  for 
investigating  the  phenomena  of  animal  electricity. 

We  have  already  seen  that  it  is  important  to  avoid  bring- 
ing into  the  circuit  any  heterogeneous  substances,  which 
might  possibly  give  rise  to  a  liberation  of  electricity.  In 
order  to  avoid  this,  the  following  arrangement  was  adopted 
by  Du  Bois  : — both  ends  of  the  wire  of  the  multiplier  were 
connected  with  platinum  plates,  made  as  homogeneous  as 
possible,  as  the  slightest  diiference  between  such  plates  would 
of  itself  originate  a  current  if  the  circuit  were  closed,  and 
the  plates  dipped  into  a  vessel  filled  with  water.  To  render 
the  platinum  plates  homogeneous,  they  were  first  cleaned 
with  a  mixture  of  alcohol  and  ether,  then  washed  with  nitro- 
hydrochloric  acid,  immersed  into  distilled  water,  and  finally 
heated  to  incandescence  for  half  a  minute,  by  means  of  a 
Berzelius'  lamp.  The  plates  were  held  in  a  clamp  fixed  on 
a  horizontal  brass  rod,  which  could  be  fixed  and  moved  in  every 
position ;  the  free  ends  of  the  plates  were  then  immersed  in  two 
large  vessels  (vv,  fig.  42)  filled  with  a  saturated  solution  of 
table  salt.  But  as  the  salt  water  would  exercise  an  injurious 
action  upon  the  tissues  if  in  immediate  contact  with  the 
same,  two  cushions  (p)  made  of  many  layers  of  fine  blotting 
paper,  well  moistened  with  salt  water,  were  immersed  with 
one  of  their  ends  into  the  liquid,  and  rested  against  the 
edge  of  the  vessel — their  free  ends  being  outside  of  the 
vessel,  and  the  circuit  being  closed  by  connecting  the  two 
conducting  cushions  by  a  third  cushion.  To  avoid  the  cor- 
roding action  of  salt  water  upon  the  animal  tissues,  a  piece 
of  bladder  well  moistened  with  the  white  of  an  egg  was  laid 
upon  each  cushion. 

Du  Bois  has  also  constructed  platinum  electrodes,  which 
consist  of  two  L-shaped  platinum  pieces,  soldered  to  pieces 
of  a  thick  brass  wire  passing  through  a  block  of  ivory,  where 
a  screw  secures  them,  and  terminating  in  a  binding  screw 


ANIMAL  ELECTEICITY 


108 


for  one  of  the  terminal  wires  of  the  apparatus.  A  glass 
plate  prevents  the  platinum  plates  from  coming  in  contact 
with  the  paper  cushions,  in  order  to  avoid  any  passage  of 
the  current  into  the  circuit  of  the  galvanometer.  The  free 
end  of  the  glass  plate  is  bevelled  beneath,  so  that  the  plates 
may  be  very  nearly  approached  when  the  nerve  piece  is 
short. 


Fig.  43. — Dii  Bois-EeymoncVs  Platinum  Electrodes. 


Although  this  arrangement  was  a  great  improvement 
upon  those  which  had  been  previously  used,  it  yet  appeared 
that  the  influence  of  polarisation  was  not  completely 
prevented  by  it.  Amongst  all  metals  platinum  may  be 
most  easily  rendered  homogeneous ;  but  it  has  the  great 
drawback  of  becoming  rapidly  polarised  under  the  influeiice 
of  the  galvanic  current,  and  therefore  yielding  unsatisfactory 
results.  Now,  M.  Eegnauld  has  shown  (p.  45)  that  amalga- 
mated zinc  immersed  in  a  solution  of  sulphate  of  zinc,  is 
not  only  perfectly  homogeneous,  but  also  unpolarisable  by 
the  galvanic  current.  Du  Bois  has  therefore  recently 
adopted  the  following  modification  of  his  original  arrange- 
ment : — Two  vessels  of  zinc  are  used  which  contain  a  solution 
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of  sulphate  of  zinc,  and  upon  which  the  edges  of  the  cushions 
are  laid.  These  latter  are  soaked  in  a  solution  of  sulphate 
of  zinc,  and  kept  in  their  places  by  plates  of  ebonite  con- 
nected with  the  zinc.  The  inside  and  edges  of  the  zinc 
vessels  are  carefully  amalgamated,  while  their  outside  is 
thickly  coated  with  a  varnish  formed  of  asphaltum  dissolved 
in  turpentine  ;  and  the  clamp  which  connects  one  end  of 
the  multiplier  with  the  deriving  vessel  is  varnished  with 
shellac  dissolved  in  alcohol. 

The  whole  is  enclosed  in  the  '  moist  chamber,'  which 
consists  of  a  mahogany  floor  resting  on  four  blocks  of  wood, 
which  are  raised  up  on  well- varnished  pieces  of  plate-glass. 
The  roof  and  sides  of  the  chamber  are  made  of  glass.  The 
interior  wall  of  the  chamber  consists  of  two  pieces  of  glass 
touching  one  another  in  the  middle,  and  sliding  in  grooves, 
so  as  to  allow  the  hand  to  be  introduced  in  order  to  arrange 
the  apparatus  for  experiments.  With  the  exception  of  the 
anterior  wall,  the  sides  and  the  roof  of  the  chamber  are  covered 
inside  with  thick  layers  of  moist  blotting  paper,  so  as  to  fill 
the  chamber  with  vapour.  Two  porous  cells  filled  with  water 
are  placed  on  the  bottom  plate,  in  order  to  maintain  the 
moisture  of  the  chamber  and  to  receive  any  water  which 
may  flow  off  from  the  cushions.  A  closing  cushion  is  laid 
over  the  two  deriving  cushions.  The  animal  tissues  which 
are  examined  are  protected  from  the  corrosive  action  of  the 
zinc  solution  by  interposing  between  the  cushions  thin 
layers  of  sculptor's  clay,  which  is  moistened  with  a  solution 
of  chloride  of  sodium,  in  order  to  increase  its  conducting 
power.     This  is  likewise  unpolarisable. 

The  following  is  the  way  in  which  the  experiment  is 
conducted  : — The  two  deriving  cushions  are  placed  in  close 
contact  with  one  another,  and  the  closing  cushion  is  laid 
over  them ;  the  multiplier  is  then  tested,  and  if  the 
apparatus  is  in  order  no  deflection  of  the  needle  ought  to 
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occur.  If  there  be  any  deflection,  there  must  be  some  fault 
either  in  the  zinc  vessels,  or  in  the  conducting  liquid,  or  in 
the  cushions,  which  must  be  rectified  previous  to  the  experi- 
ment being  commenced.  If  there  be  no  deflection,  the 
closing  cushion  is  removed,  and  the  part  to  be  examined 
placed  on  the  clay-guards ;  the  circuit  of  the  multiplier  is 
then  opened,  and  if  there  be  any  current  of  animal  electricity 
in  the  part,  the  needle  suffers  a  deflection  indicating  the 
presence,  direction,  and  kind  of  electricity  inherent  to  the 
part  examined. 

Du  Bois'  rheojphoric  tithes^  or  clay  electrodes  (fig.  44,  p.  106)    c^' 
allow  us  to  derive  in  a  still  finer  manner  electric  currents,  with- 
out danger  of  polarisation,  from  animal  structures.  They  con- 
sist of  flat  glass  tubes,  the  lower  end  of  which  is  plugged  up, 
watertight,  with  salt-clay,  which  exteriorly  is  modelled  into 


Fig.  44. — Du  Bois-Eeymond's  Clay  Electrode. 

a  sort  of  spur,  with  its  point  working  immediately  on  the 
nerve  or  muscle.  A  different  shape,  direction,  or  pointed- 
ness  may  be  given  to  this,  owing  to  its  plasticity,  at  any 
moment.  The  tube  is  connected  by  a  bent  glass  arm  with  a 
piece  of  brass-  ending  in  a  socket,  so  as  to  have  free  motion 
in  all  directions.  From  this  projects  a  horizontal  brass 
piece,  on  which  is  screwed  a  strip  of  the  amalgamated  zinc 
plate,  immersed  in  a  concentrated  solution  of  zinc  sulphate. 
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Moreover,  the  brass  piece  has  a  screw  for  attaching*  a  copper 
wire  proceeding  to  the  ivory  knob  on  the  brass  slider ;  the 
object  of  winding  the  wire  round  the  ivory  knob  being  to 
prevent  any  traction  on  the  wire  acting  directly  on  the  glass 
tube,  whereby,  otherwise,  it  might  be  broken. 

Dr.  Eadcliffe  ^  has  lately  recommended  the  use  of  elec- 
trodes consisting  of  platinum  wires  flattened  at  the  end,  and 
thickly  coated  with  moist  sculptor's  clay ;  but  this  would 
appear  to  be  a  step  backwards  in  experimental  precision,  as 
we  have  seen  that  platinum  is  a  most  polarisable  metal,  and 
should  therefore  be  eschewed  in  all  delicate  electro-physio- 
logical observations. 

Nervous  Current. — If  the  multiplier  has  been  arranged  in 
Du  Bois'  fashion,  and  we  now  take  a  fresh  piece  of  the  sciatic 
nerve  (_29,  c)  of  a  frog,  and  bring 
various  parts  of  it  in  connection  with 
the  two  cushions,  we  notice  the  fol- 
lowing phenomena  : — if  any  two  syni- 
metrical  parts  of  the  longitudinal  or 
Fig.  45.  of  the  transverse  section   of  the  nerve 

are  placed  upon  the  cushions,  there  is  no  deflection  of  the 
needle  ;  if  two  dissy^mrfietrical  points  of  the  longitudinal 
section  are  taken,  we  obtain  a  feeble  deflection  of  the  needle, 
varying  from  6°  to  7°  ;  and  if  the  nerve  be  in  contact  with 
the  cushions  on  one  side  by  its  longitudinal  section,  and  on 
the  other  by  its  transverse  section,  the  needle  suffers  a  de- 
flection varying  from  15°  to  30°.  The  current  thus  indicated 
moves  from  the  longitudinal  section  of  the  nerve  through 
the  multiplier  to  the  transverse  section  of  the  nerve  ;  and 
the  points  which  are  nearer  to  the  middle  of  the  nervous 
fragment  are  positive  in  respect  to  those  which  are  nearer  to 
the  extremities.  The  same  results  are  obtained  with  the 
galvanoscopic  frog ;  and  whether  nerves  of  sensation  or  of 

'  Proceedings  of  the  Eoyal  Society,  April,  1869. 
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motion,  or  mixed  nerves,  or  pieces  taken  from  the  spinal 
cord  are  examined  ;  as  to  the  brain,  every  artificial  section 
of  it  is  negative  to  every  point  of  its  natural  sm'face. 

Electrotonus. — Grreat  changes  are  produced  in  the  inten- 
sity of  the  nervous  current  if  one  part  of  the  living  and  ex- 
citable frog's  nerve  be  subjected  to  the  action  of  a  continuous 
galvanic  current,  another  part  of  the  same  nerve  being  placed 
upon  the  cushions.  The  intensity  of  the  nervous  current  is 
increased  if  the  galvanic  current,  which  is  made  to  act  upon 
the  nerve,  move  in  the  same  direction  with  the  nervous  cur- 
rent {positive  phase  of  the  nerve)  ;  and  it  is  dinninished  if 
the  direction  of  the  galvanic  current  be  opposed  to  that  of 
the  nervous  current  {negative  phase  of  the  nerve).  Du 
Bois  has  termed  this  alteration  of  the  nervous  current  the 
electrotonic  state.  This  state  commences  as  soon  as  the  cir- 
cuit of  the  battery  is  closed  ;  it  remains  unchanged  all  the 
time  that  the  battery  current  continues  to  circulate  in  the 
nerve,  "and  disappears  immediately  on  opening  the  circuit. 
The  electrotonic  state  is  not  due  merely  to  the  transmission 
of  the  battery  current  through  the  nerve,  but  to  a  real  alte- 
ration of  the  electric  properties  of  the  nerve  ;  for  there  is  no 
trace  of  electrotonus  perceptible  if  a  wet  thread  be  inter- 
posed between  the  two  parts  of  the  nerve,  and  tightly  drawn 
together.  Under  such  circumstances  the  transmission  of 
the  battery  current  is  not  arrested,  but  as  the  continuity  of 
the  nervous  matter  is  destroyed,  the  battery  current  no 
longer  produces  the  same  effects  as  previously.  Electrotonus 
likewise  fails  to  appear  when  the  nerve  has  lost  its  excita- 
bility. From  these  facts  Du  Bois-Eeymond  has  concluded 
that  the  nerves  consist  of  an  innumerable  multitude  of 
electric  molecules,  which  are  differently  arranged  according 
to  the  different  states  of  the  nerves.  The  electric  currents 
in  the  nerves  show,  in  some  instances,  such  sudden  variations 
both  of  intensity  and  of  direction,  as  to  make  it  impossible 


108  EORMS  OF  ELECTEICITY  chap.  i. 

to  account  for  them  by  any  change  of  larger  heterogeneous 
elements,  or  in  any  other  way  than  by  assuming  correspond- 
ing changes  of  position  in  almost  infinitely  small  centres  of 
action.  When  the  living  nerve  is  at  rest,  Du  Bois  supposes 
these  molecules  to  be  turned  towards  each  other  with  equal 
extremities,  so  that  two  molecules  form,  as  it  were,  only  one 
molecule,  possessed  of  one  positive  zone,  and  two  negative 
poles.  This  he  calls  the  peripolar  arrangement.  In  the  elec- 
trotonic  state,  however,  the  molecules  are  thus  arranged 
that  unequal  poles  are  turned  towards  each  other ;  this  he 
terms  the  dipolar  arrangement. 

Negative  Variation  of  the.  Current. — Other  important 
changes  are  induced  in  the  nervous  current,  as  soon  as  the 
nerve  enters  that  active  state  which  enables  it  to  cause 
motion,  sensation,  and  secretion,  whatever  may  be  the 
means  by  which  the  nerve  is  excited.  For  demonstrating 
this,  the  nerve  may  be  tetanised  by  strychnia,  or  excited  by 
heating,  or  bruising  its  free  extremity,  which  is  placed  be- 
tween the  cushions.  The  consequence  of  such  proceedings 
is  that  the  needle  which  had  been  deflected  by  the  nervous 
current  during  the  peripolar  arrangement,  returns  more  or 
less  towards  its  previous  position  of  equilibrium :  that  is  to 
say,  the  nervous  current  suffers  a  great  and  sudden  diminu- 
tion, which  Du  Bois  has  called  the  negative  variation  of  the 
current.  This  lasts  only  as  long  as  the  nerve  is  kept  in  an 
excited  condition  ;  if  it  be  no  longer  excited,  the  previous 
effects-  of  the  nervous  current  become  once  more  perceptible. 
The  negative  variation  of  the  current,  however,  is  not  per- 
manent, even  when  the  contraction  appears  to  be  so,  as  in 
tetanus ;  but  it  is,  like  the  conti'action,  always  composed  of 
a  rapid  succession  of  single  and  sudden  variations. 

When  the  nerve  is  no  longer  able  to  cause  motion,  sensa- 
tion, or  secretion,  the  nervous  current  appears  very  feeble,  or 
its  original  direction  becomes  inverted,  the  negative  surfaces 
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being  now  positive,  and  the  positive  surfaces  negative.  If 
we  now  again  endeavour  to  cause  the  electrical  phenomena 
inherent  to  the  living  nerve,  we  may  perhaps  succeed  in  pro- 
ducing a  slight  degree  of  electrotonus,  but  we  shall  always 
fail  to  induce  the  negative  variation  of  the  current.  More- 
over, the  electrotonic  state  ceases  so  shortly  after  the  cessa- 
tion of  the  excitability  of  the  nerve,  that  we  may  say  that 
all  the  electrical  phenomena  in  the  nerve  disappear  at  the 
same  time  with  its  vitality. 

Moleschott,^  who  has  experimented  on  this  subject,  found 
that,  if  a  nerve  had  been  submitted  to  the  influence  of  a 
powerful  continuous  current  and  was  then  tetanised  by  strong 
induction  currents  moving  alternately  in  different  directions, 
there  was  not  unfrequently  a  positive,  instead  of  a  negative 
variation  of  the  current ;  and  he  was  therefore  led  to  believe 
that  the  active  state  of  the  motor  nerve  was  not  always  ac- 
companied by  a  negative,  but  sometimes  by  a  positive  varia- 
tion of  the  current.  To  this  Du  Bois^  replied  that  the  posi- 
tive variation  which  had  been  observed  by  Moleschott  had 
nothing  to  do  with  the  active  condition  of  the  motor  nerve, 
but  was  owing  to  the  natural  preponderance  of  the  positive 
over  the  negative  phase  of  electrotonus,  which  is  chiefly 
observed  when  the  nerve  has  already  to  some  extent  lost  its 
excitability,  in  consequence  of  having  been  for  some  time 
separated  from  the  body  of  the  animal,  and  subjected  to  in- 
jurious influences.  It  seems  that  Moleschott  had  omitted  to 
take  this  fact  into  consideration.  Du  Bois,  however,  was 
thereby  induced  to  show,  by  other  than  electrical  means, 
that  the  active  condition  of  the  nerve  is  really,  and  under 
all  circumstances,  accompanied  by  a  negative  variation,  and 
he  has  succeeded  in  proving  that  the  negative  variation  also 

'  Untersuchungea  zur  Naturlehre,  1861,  toL  viii.  p.  1. 
*  Positive   Schwankung  des  Nervenstroms,  etc.,  in  Eeichert's  und  Dubois' 
Archiv,  1861,  p.  786. 
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appears  when  the  nerve  is  excited  mechanically,  chemically, 
or  by  heat,  and  that  it  must  therefore  be  looked  upon  a« 
the  electrical  expression  of  the  state  of  activity  in  the 
nerve. 

The  nervous  current  may  be  weakened,  diverted,  or  even 
totally  destroyed  by  repeated  and  strong  electrical  discharges. 
Opium,  morphia,  strychnia,  prussic  acid,  and  most  substances 
which  have  a  decided  chemical  action  on  the  nerve,  such  as 
ether,  alcohol,  and  mineral  acids,  rapidly  destroy  the  ner- 
vous current ;  the  only  exception  to  this  rule  being  formed 
by  a  concentrated  solution  of  arsenious  acid,  which  has  a 
very  slow  and  feeble  action  on  the  same.  Extremes  of  cold 
and  heat,  desiccation,  and  imbibition  of  a  large  quantity  of 
water,  are  likewise  deleterious  to  the  nervous  current. 

Schiff*  considers  that  the  negative  variation  of  the 
.  divided  nerve  does  not  only  represent  a  diminution  of 
the  original  nervous  current,  but  also  a  peculiar  process 
going  on  in  the  divided  nerve,  the  direction  of  which  is 
opposite  to  that  of  the  original  current.  He  concludes  this 
from  the  fact  that  if,  in  consequence  of  external  circum- 
stances, the  original  nervous  current  is  accidentally  reversed 
in  the  divided  nerve,  the  negative  variation  is  not  affected 
by  it.  The  current  originating  from  the  excitation,  pre- 
serves then  its  original  direction,  and  is  positive  instead  of 
negative  to  the  original  nerve  current.  This  is  also  con- 
firmed by  the  following  experiments  : — If,  in  mammalia,  a 
long  piece  of  a  mixed  nerve,  such  as  the  pneumogastric  or 
the  sciatic,  be  excised  and  examined  with  unpolarisable 
electrodes  fixed  at  a  certain  distance,  so  that  they  are 
gradually  conducted  over  the  whole  length  of  the  nerve 
piece,  a  current  is  obtained  which,  according  to  Du  Bois' 
theory,  must  reverse  its  absolute  direction  at  the  equator  of 

>  Pfliiger's  Archiv  fiir  Pliysiologie,  1872,  p.  437.    - 
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the  nerve  piece.  The  nervous  current  travels  here  on  both 
sides  in  the  direction  of.  the  transverse  section  to  the 
equator.  Now,  it  is  very  frequently  found  in  such  cases 
that  this  equator  for  the  nervous  current  at  rest,  is  consider- 
ably displaced  towards  one  side,  "so  that  in  the  nerve  the 
current  proceeding  from  the  transverse  section  A,  rules  a 
far  longer  piece  than  the  current  proceeding  from  the 
transverse  section  B.  Now,  if  the  negative  variation  were 
really  a  modification  induced  by  the  excitation,  or,  as  Du 
Bois  says,  '  a  motor  phenomenon '  of  the  original  nervous 
current,  it  ought  to  obey  the  same  law  as  the  latter ;  that  is 
to  say,  it  ought  to  reverse  its  apparent  direction  at  the  same 
displaced  equator.  If  the  same  nerve  be  now  examined 
once  more  in  the  manner  just  described,  by  exciting  the 
extreme  end  of  the  nerve  after  each  deflection  of  the  galvano- 
meter, and  we  then  observe  the  modification  of  the  de- 
flection which  is  caused  by  the  excitation,  it  is  found  that 
this  modification  is  not  everywhere  negative.  The  process 
of  excitation  causes  a  negative  variation  in  the  nerve  up  to 
a  certain  point,  but  after  that  the  direction  of  the  current 
is  reversed.  It  has  proceeded  beyond  the  equator  of  the 
exciting  current,  and  the  latter  becomes  positive  to  the 
nervous  current  at  rest  up  to  the  point  where  the  equator  of 
the  nervous  current  at  rest  is  situated.  From  this  point, 
the  process  of  excitation  becomes  again  relatively  negative 
without  changing  its  direction.  It  is,  therefore,  evident 
that  the  exciting  current  has  here  its  own  equator  which  is 
independent  of  the  equator  of  the  nervous  current  at  rest. 
The  electric  expression  of  the  excitation  of  the  divided 
nerve  is,  therefore,  a  special  current  which  is  independent  of 
the  original  nervous  current  of  the  same  nerve,  and  does  not 
invariably  or  necessarily  cause  a  negative  variation  of  the 
same.  It  often  occurs  in  recently  killed  dogs  and  cats,  that 
in  the  excised  long  nerve  piece,  the  equator  of  the  nervous 
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current  at  rest  is  displaced  from  the  middle  to  the  point 
of  section  A,  and  the  equator  of  the  exciting  current  to  the 
point  of  section  B,  so  that  the  exciting  current  causes  a 
positive  variation  in  the  largest  portion  of  the  middle  piece 
of  the  nerve.  It  is  true,  that  in  nerves  which  are  perfectly 
fresh,  the  two  equators  are  very  close  together  in  the  middle 
of  the  nerve  piece,  and  under  these  circumstances,  the 
exciting  current  shows  almost  everywhere  the  phenomenon 
of  the  negative  variation. 

Schiff  also  believes  that  the  negative  variation  is  only 
produced  by  excitation  of  those  nerves  which  already  pos- 
sess a  perceptible  current  in  consequence  of  injury.  In 
the  uninjured  nerve,  which  appears  externally  devoid  of  a 
current,  any  excitation  causes  an  extremely  feeble  current 
the  direction  of  which  is  always  from  the  periphery  to  the 
centre,  whether  the  nerve  be  sentient  or  motor,  whether  the 
excitation  be  made  on  the  central  or  on  the  peripheral  side 
of  the  point  connected  with  the  galvanometer,  and  whether 
the  excitation  causes  a  movement  or  not.  This  centripetal 
current  is,  according  to  Schiff,  the  real  expression  of  functional 
activity  in  the  uninjured  nerve. 

Muscular  Current. — For  investigating  the  electric  pro- 
perties of  the  muscles,  Du  Bois-Eeymond  selected  likewise 

the  multiplier  and  the  galvano- 
scopic  frog.  But  as  the  muscles 
produce  currents  of  far  greater 
intensity  than  the  nerves,  the 
multiplier  must  not  possess  so 
many  convolutions  as  that  in- 
tended for  demonstrating  the  nervous  current  (4,000  to 
6,000  instead  of  24,000).  The  muscular  current  appears  to 
be  perfectly  analogous  to  the  nervous  current,  except  that  it 
is  stronger.  We  do  not  perceive  a  deflection  of  the  mag- 
netised needle  if  the  muscle  (a,  6)  is  placed  upon  the  cushions 
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with  two  symmetrical  points,  whether  of  the  longitudinal  or 
of  the  transverse  section  ;  but  the  more  dissymmetrical  the 
two  points,  the  stronger  is  the  deflection  of  the  needle ;  and 
the  current  appears  strongest  when  a  portion  of  the  fleshy 
sm'face  of  the  muscle  is  laid  upon  one  of  the  cushions,  and 
a  portion  of  the  surface  formed  by  cutting  the  muscles 
across,  upon  the  other — that  is  to  say,  between  the  natural 
longitudinal  section  and  the  artificial  transverse  section. 

It  should  be  understood  that  the  tendinous  portion  of  the 
muscle  is  its  natural  transverse  section^  and  that  the  fleshy 
surface  of  the  muscle  is  its  natural  longitudinal  section. 
The  artificial  transverse  section  is  produced  if  the  muscle 
be  divided  perpendicularly,  and  the  artificial  longitudinal 
section  if  the  muscle  be  torn  in  the  direction  of  its  fibres. 

The  direction  of  the  muscular  current  is  the  same  as  that 
of  the  nervous  current.  In  the  living  muscle  each  point  of 
the  longitudinal  section,  whether  natural  or  artificial,  is 
positive  in  respect  to  each  point  of  the  transverse  section, 
whether  natural  or  artificial.  Each  time  that  a  conducting 
arch  is  established  between  any  point  of  the  longitudinal 
section  of  the  living  muscle,  and  any  point  of  its  trans- 
verse section,  the  needle  indicates  a  current  in  this  arch, 
moving  from  the  longitudinal  section  to  the  transverse  sec- 
tion. This  law  has  been  established  on  the  muscles  of  the 
frog,  and  verified  on  the  muscles  of  an  amputated  leg  of  a 
man,  on  the  muscles  of  rabbits,  mice,  sparrows,  and  of  the 
common  earth-worm  ;  and  it  has  been  shown  to  rule  not 
only  the  entire  muscle,  but  a  single  primitive  bundle. 

The  variations  in  the  intensity  and  direction  of  the  mus- 
cular current  are,  in  certain  instances,  so  sudden  and  so  ex- 
tensive, that  we  are  compelled  to  assume  corresponding- 
changes  of  position  in  the  molecules  of  the  muscle,  which 
are  analogous  to  those  supposed  to  occur  in  the  molecules  of 
the  nerve. 

I 
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Muscular  Current  in  the  Living  Man. — It  is  more  diffi- 
cult to  demonstrate  the  muscular  current  in  man  than  in 
the  muscles  of  a  frog,  because  the  resistance  offered  by  the 
skin  of  the  human  body  diminishes  the  action  on  the  mag- 
netic needle.  The  deflections  become  more  extensive  when 
the  cuticle  is  removed,  or  the  portion  of  the  body  experi- 
mented upon  placed  in  communication  with  the  salt  water 
which  closes  the  circuit.  For  showing  the  existence  of  the 
muscular  current  in  man,  a  multiplier  of  27,000  to  30,000 
convolutions  is  required.  Care  must  be  taken  to  exclude 
any  currents  arising  from  other  sources,  such  as  from  the 
unequal  transpiration  of  the  skin  on  two  points  placed  in 
connection  with  the  multiplier,  from  inequality  of  tempera- 
ture, from  the  want  of  simultaneity  in  establishing  the  con- 
tact of  the  two  points  placed  in  the  circuit,  &c.  When  the 
cuticle  was  removed  by  a  blister  applied  to  the  arm,  and  the 
denuded  corium  placed  in  communication  with  the  multi- 
plier, Du  Bois-Reymond  obtained  a  current  of  60°  to  70°, 
whilst,  if  the  skin  in  its  usual  state  communicated  with  the 
galvanometer,  the  deflection  of  the  needle  was  only  from  2° 
to  3°. 

Parelectronomic  Layer. — An  analogous  phenomenon  is 
observed  in  the  frog.  When  the  animal  has  been  skinned, 
it  is  easy  enough  to  demonstrate  its  muscular  current ;  but 
if  the  skin  be  left  intact  irregular  results  are  obtained,  which 
are  partly  owing  to  the  circumstance  that  the  skin  possesses 
an  electromotive  force  of  its  own.  In  order  to  show  the  mus- 
cular current  in  all  its  intensity,  the  surface  of  the  muscle 
should  be  moistened  with  salt  water.  As  long  as  the  tendon 
of  a  fresh  muscle  is  touched  merely  by  blood  or  lymph,  the 
current  passing  from  the  longitudinal  to  the  transverse  sec- 
tion is  very  feeble.  Its  intensity  is  increased  if  the  tendon 
be  immersed  in  some  other  liquid,  or  if  the  tendon  be  totally 
removed  or  destroyed   by    a  porcelain  cautery.     Hence    it 
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results,  that  the  fresh  muscle,  as  long  as  it  is  only  in  contact 
with  blood  and  lymph,  possesses  a  superficial  layer,  which 
more  or  less  prevents  the  manifestation  of  the  contrast  be- 
tween the  longitudinal  and  transverse  section.  Du  Bois- 
Reymond  has,  therefore,  termed  it  the  parelectronomic 
layer. 

The  parelectronomic  layer  exists  in  different  proportions 
in  different  animals.  It  is  most  complete  in  frogs  which 
have  been  for  some  time  subjected  to  the  temperature  of 
melting  ice ;  in  the  muscles  of  these  animals  there  is  either 
no  cm'rent  at  all,  or  an  inverse  current,  due  to  the  preponder- 
ance of  the  parelectronomic  layer.  But  even  under  these 
circumstances,  the  current  may  be  instantly  revived  if  the 
tendon  be  touched  with  water,  albumen,  alcohol,  acids, 
alkalies,  or  salt  water.  The  muscles  of  mammalia,  birds, 
and  fishes,  present  the  same  property,  although  in  a  less 
degree. 

Induced  Contraction. — The  phenomenon  comprehended 
under  the  name  of  induced  or  secondary  contraction,  was 
first  observed  by  Matteucci.  He  prepared  a  frog  in  Gral- 
vani's  manner,  and  placed  upon  its  thighs  the  nerve  of 
another  rheoscopic  limb,  uniting  both,  as  it  were,  by  a 
bridge.  A  continuous  current  was  then  sent  through  tlie 
lumbar  nerves  of  the  first  frog,  which  caused  a  powerful 
contraction,  not  only  of  the  limbs  of  the  first  frog,  but  also  in 
the  second  preparation,  the  nerve  alone  of  which  was  in 
contact  with  the  thighs  of  the  first  frog.  Du  Bois  has 
succeeded  in  inducing  a  contraction  of  the  third,  fourth, 
fifth  and  sixth  order,  in  rheoscopic  limbs,  which  communi- 
cated with  each  other  merely  by  the  nerves.  TJiese  induced 
or  secondary  contractions  are  owing  to  variations  of  the 
density  of  the  current  in  the  rheoscopic  limb.  No  or  little 
effect  is  obtained,  if  the  nerves  be  made  to  communicate 
with  two  points  symmetrically  situated  in  the  muscle ;  but 
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in  order  to  produce  a  decided  result,  the  two  points  of  the 
nerve  should  be  laid  upon  points  of  the  muscle  which  are 
as  dissymmetrical  as  possible. 

Matteucci's  contraction  appears  to  obey  the  general  law 
of  the  muscular  current,  being  strongest  when  the  most 
effective  arrangement  for  the  latter  is  used,  that  is,  when 
the  nerve  of  the  rheoscopic  limb  is  made  to  touch  the 
natural  longitudinal  and  the  artificial  transverse  section  of 
the  muscle  ;  and  it  is  feeble  when  a  weak  arrangement  is 
employed,  that  is,  when  the  nerve  is  made  to  touch  other 
sections. 

The  intensity  of  the  muscular  current  diminishes  after 
death  proportionately  to  the  degree  of  excitability  possessed 
by  the  muscles.  It  disappears  more  rapidly  in  warm- 
blooded animals  than  in  reptiles  and  fishes.  As  soon  as 
rigor  mortis  sets  in,  which  Briicke  has  shown  to  be  owing 
to  the  coagulation  of  the  liquid  fibrine  contained  in  the 
muscles  outside  of  the  blood-vessels,  both  the  excitability  of 
the  muscles  and  their  electro-motive  force  disappear  equally, 
never  to  appear  again,  not  even  when  rigidity  has  ceased  in 
consequence  of  decomposition  of  the  fibrine. 

The  muscular  current  is  therefore  inherent  to  the  living 
and  excitable  animal  tissue. 

In  warm-blooded  animals,  such  as  the  dog  and  the  rabbit, 
it  sometimes  disappears  within  half  an  hour  after  death, 
while  in  a  frog's  limb,  which  is  carefully  protected  from 
injurious  influences,  and  kept  at  a  low  temperature,  it  may 
sometimes  continue  for  a  fortnight  or  even  a  month.  It 
also  varies  with  the  seasons.  Winter  is  more  favourable  to 
its  persistence,  while  hot  weather  often  causes  it  to  disappear 
rapidly.  In  frogs  the  irritability  lasts  longest  in  spring, 
previous  to  spawning-time. 

The  local  application  of  poisons  to  the  nerves  and  muscles 
appears  to  be  more  effective  in  altering  the  muscular  current 
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than  their  introduction  into  the  system.  Prnssic  acid, 
extract  of  opium,  the  acetates  of  morphia  and  of  strychnia, 
and  veratria,  when  brought  in  direct  contact  with  the 
muscular  substance,  render  it  rapidly  rigid,  and  acid,  and 
deprive  it  of  its  natural  electricity.  Substances  which  have 
a  considerable  chemical  action  on  vitalised  tissues,  such  as 
mineral  acids,  alcohol,  ether,  nitrate  of  silver,  and  creasote, 
utterly  destroy  the  texture,  and  simultaneously  with  it 
the  electro-j)hysiological  properties  of  the  muscular  fibre. 

Matteucci  affirms  that  poisoning  by  woorara  diminishes 
the  intensity  of  the  muscular  current ;  but  this  is  denied  by 
Claude  Bernard,  von  Bezold  and  Kolliker.^ 

Dr.  Eadcliffe  ^  sees  reason  to  believe  that  the  primary 
electrical  condition  of  living  muscle  and  nerve  during  the 
state  of  inaction  is  that  of  static  electricity,  and  that  the 
muscular  current  and  the  nervous  current,  which  may  pass 
from  the  muscle  or  nerve  during  the  state  of  inaction,  are 
only  secondary  phenomena.  He  believes,  witih  Matteucci, 
that  the  state  of  action  in  a  muscle  and  in  a  motor  nerve  is 
accompanied  by  a  discharge  of  electricity  analogous  to  that 
of  the  torpedo  ;  and  that  when  a  muscle  is  made  to  contract 
by  means  of  its  nerve,  the  electrical  discharge  which  accom- 
panies nervous  action  has  reversed  the  electrical  relations  of 
the  exterior  and  interior  of  the  muscular  fibres  in  the  part 
acted  upon ;  that  this  reversal  has  led  to  the  discharge  of 
the  electricity  which  is  present  in  the  muscular  fibres 
during  the  time  of  rest,  and  which  keeps  these  fibres  in  a 
state  of  relaxation  as  long  as  it  is  present ;  and  that  this 
discharge  of  electricity  causes  muscular  contraction  by 
leaving  the  muscle  free  to  yield  to  the  action  of  the  attrac- 

'  Comptes  rendus,  vol.  xlviii.  p.  1145.  Lec/ons  sixr  la  Physiologie,  etc. 
Eeichert's  Archiv,  p.  168. 

^  Lectures  on  Epilepsy,  Pain,  Paralysis,  and  certain  other  Disorders  of  the 
Nerrous  System,  London,  1864;  and  The  Dynamics  of  Nerve  and  Muscle, 
London,  1871. 


118  FOEMS   OF   ELECTRICITY  chap.  i. 

tive  force  which  is  inherent  in  the  physical  constitution  of 
the  muscular  molecules.  Dr.  Eaclcliffe  has  supported  his 
views  by  an  elaborate  argumentation,  but  he  has  not 
succeeded  in  rendering  them  acceptable  to  physiologists. 

Not  only  the  nerves  and  muscles,  the  brain  and  the  spinal 
cord  of  the  living  animal,  are  possessed  of  electro-motive 
force,  but  all  tissues  in  which  active  nutrition  is  going  on 
give  rise  to  electric  currents.  Pieces  of  lung,  liver,  and 
kidney,  cause  weak  currents,  which  partially  obey  the  laws 
of  the  muscular  current,  and  which  continue  long  after 
death.  Currents  of  animal  electricity  have  also  been  dis- 
covered in  the  intestines  of  the  frog,  the  iris  of  birds  of 
prey,  the  ovary  of  the  rabbit,  the  oviduct  of  the  frog,  the 
ureter,  urinary  bladder,  and  aorta  of  the  rabbit,  and  the 
spleen,  testicles,  tendons,  and  bones  of  the  frog.  These 
currents  have  one  point  in  common  with  the  muscular 
current,  viz.  that  the  external  and  internal  surfaces  of  these 
tissues  are  inversely  electrified.  In  no  other  tissue,  how- 
ever, is  the  electro-motive  force  so  strong,  nor  are  there  such 
great  and  sudden  variations  in  the  intensity  and  direction  of 
the  current,  as  in  the  nerves  and  muscles. 

The  Glandular  Current. — Du  Bois  has  found  that  when 
the  two  extremities  of  the  galvanometer  are  made  to  touch 
the  external  surface  of  the  skin  of  a  frog  by  means  of  paper 
cushions  moistened  with  salt  water,  a  strong  current  travels 
from  the  point  which  was  last  touched  to  that  which  was 
first  touched.  The  needle,  however,  gives  no  indication  of 
a  current,  if  the  contact  is  as  far  as  possible  simultaneous. 
The  current  obtained  by  the  first  proceeding  disappears 
rapidly,  as  the  salt  solution  destroys  the  electromotive  force 
of  the  skin.  On  examining  the  internal  surface  of  the  skin 
a  regular  but  feeble  current  is  observed  to  travel  from  the 
point  first  touched  to  the  one  last  touched  ;  and,  if  the 
extremities  of  the  multiplier  are  applied  at  the  same  time  to 
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the  external  and  internal  sui-faces,  a  current  is  noticed  to 
pass  from  the  external  to  the  internal  surface.  This  latter 
current  also  disappears  rapidly,  from  which  Du  Bois  has 
concluded  that  the  skin  of  the  frog  possesses  an  electro- 
motive force  acting  from  the  external  to  the  internal 
surface,  and  which  is  readily  destroyed  by  the  application 
of  salt.  Solutions  of  chloride  of  ammonium,  iodide  of 
potassium,  sulphate  of  zinc,  sulphate  of  copper,  diluted  sul- 
phuric acid,  liquor  potass^  and  liquor  ammonige,  also  destroy 
this  electro-motive  force  in  a  short  time. 

Du  Bois  has  found  that  these  cutaneous  currents  are 
peculiar  to  the  naked  amphibia,  and  do  not  occur  in  fishes  ; 
he  therefore  thinks  that  they  are  connected  with  the  secre- 
tion from  the  glands  of  the  skin,  which  is  very  abundant  in 
frogs  and  toads.  They  are  vital  phenomena,  for  the  skin 
taken  from  a  frog  in  a  state  of  putrefaction  does  not  show 
any  electric  currents  at  all. 

Budge  ^  has  more  recently  investigated  these  conditions, 
and  has  come  to  the  conclusion  that  the  longitudinal  section 
of  the  frog's  skin  is  negative  to  its  transverse  section.  He 
found  that  when  a  piece  of  frog's  skin  is  rolled  up  into  a 
thin  cylinder,  and  a  transverse  section  is  made,  the  needle 
is  deflected  to  an  angle  of  from  50°  to  80°,  if  the  extremities 
of  the  multiplier  are  brought  into  contact  with  the  longitu- 
dinal and  transverse  section.  If  the  cushions  are  moistened 
with  a  solution  of  sulphate  of  zinc,  the  current  remains  very 
constant  for  some  hours,  but  disappears  rapidly  when  a 
solution  of  chloride  of  sodium  is  used.  Budge  also  found 
that  the  rheoscopic  limb  may  be  made  to  contract  by  this 
current. 

Eosenthal,^  who    repeated  these  experiments,  has  shown 

'  Ueber  den  galvanisehen  Strom,  welcher  sich  in  der  Haut  des  Frosches  zu 
erkennen  gibt.     Poggendorff's  Annalen,  vol.  cxi.  p.  537- 
^  Keichert's  and  Du  Bois-Reymond's  Arehiv,  1865,  p.  301. 
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that  when  the  cushions  are  moistened  with  a  solution  of 
sulphate  of  zinc,  a  strong  current  is  perceptible  in  the  frog's 
skin,  travelling  from  without  inwards.     This  current  only 
slowly  diminishes  in  intensity,  and  even  less  so  if  clay-guards 
are  interposed  between  the  cushions  for  protecting  the  skin. 
He  discovered  another  current  flowing  from   the  external 
surface  to  the  transverse  section,  this  being  weaker  than  the 
one  just    mentioned ;    and    a    third,   moving  between  the 
internal  surface  and  the  transverse  section,  this  latter  being 
the  weakest  of  all.     He  thinks  that  these  latter  currents  are 
artificial  productions,   and    that    the    electro-motive    force 
really  inherent   in  the   frog's   skin   is  the  oue  moving  from 
without  inwards.     He  agrees  with  Du  Bois  in  assuming  that 
the  layer  of  secreting  glands  is  the  source  of  this  electricity, 
just  as  the  current  observed  in  the  stomach  of  the  frog  and 
the  rabbit,  which  also  moves  from  the  excretory  ducts  of  the 
glands  to  the  glandular  substance.     It  might  be  objected  to 
this  view    that    the    electricity  was    merely  derived    from 
chemical  action,  since  the  mucus  secreted  by  the  glands  ot 
the  frog's   skin,  and  the  gastric  juice,  are  both  acid,  while 
the  deeper  layers  of  the  skin  and  stomach  are  alkaline  ;  but 
this   objection  is   removed  by  Du   Bois  having  proved  that 
these   vital   currents   are   much   stronger  than  those  of  the 
most  powerful  acid  and  alkali  pair.     The  chemical  compo- 
sition of  the  mucus  has  therefore  little  or  nothing  to  do  with 
the  glandular  electricity,  which  seems  indeed  to  be  entirely 
owing  to  the  living  glandular  tissue  itself.    The  circumstance 
that  some  other  glands  do  not  show  any  electro-motive  signs 
is  explained  by  Eosenthal  as  arising  from  their  more  complex 
structure,  which  does  not  allow   the  electricity,  although  it 
really  exists,  to  make  any  outward  manifestation.     Experi- 
ments  undertaken    by   Eosenthal  and   Valentin  render   it 
probable  that  the  glandular   current,  just  as  the  muscular 
current,  experiences    certain  .  definite    vaiiations  when  the 
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nerves  animating  the  giands  are  galvanised.  Griinhagen^ 
has  lately  given  a  different  version  of  the  electrical  conditions 
of  the  frog's  skin  ;  but  Eosenthal's  experiments  and  argu- 
mentation recommend  themselves  more  to  om-  acceptance,  as 
sources  of  error  seem  to  have  been  more  carefully  excluded 
in  his  investigations  than  in  those  of  Griinhagen. 

Cutaneous  Currents  in  Man. — It  is  easy  to  discover  indi- 
cations of  electricity  on  the  human  skin ;  but  not  every 
electricity  that  is  observed  there  is  true  animal  electricity. 
A  thermo-electric  current  may  be  produced  by  unequally 
heating  two  symmetrical  parts  of  the  skin,  for  instance,  the 
corresponding  iingers  of  the  two  hands.  A  finger  at  the 
temperature  of  32°  F.  is  strongly  positive  to  one  at  90°  or 
98°,  while  a  finger  at  60°  is  feebly  positive  to  one  at  80°, 
and  strongly  so  to  one  at  120°.  The  electro-motive  force  of 
these  thermic  currents  is  greater  than  that  of  a  thermic 
copper  and  iron  pair,  and  lasts  as  long  as  differences  of 
temperature  continue  to  exist. 

If  two  fingers  which  are  of  the  same  temperature  be  simul- 
taneously immersed  into  the  vessels  of  Du  Bois'  apparatus, 
there  does  not  appear  to  be  complete  homogeneity  between 
them ;  for,  after  some  irregular  oscillations  of  the  needle,  a 
feeble  but  constant  current  is  observed,  flowing  in  the  same 
direction  for  months  consecutively.  This  current  varies 
considerably  in  different  persons,  both  in  direction  and 
intensity.  It  is  sometimes  found  that  in  the  same  person 
the  direction  becomes  suddenly  reversed,  and  the  current 
will  then  flow  for  some  months  in  an  opposite  direction  to 
that  which  was  first  observed.  This  electric  current  is  called 
the  individual  current  of  the  finger.  Again,  if  two  equally 
warm  fingers  are  immersed  into  the  testing-vessels,  not 
simultaneously,  but  the  one  some  time  after  the  other,  it  ap- 

'  Ueber  die  elektrischen  Strome  der  Froschhaut.  Henle  und  Pfeuflfer's 
Zeitschrift,  toI.  xxvii.  p.  268. 
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pears  that  the  finger  immersed  last  is  strongly  positive  to  the 
other.  The  same  may  be  observed  if,  instead  of  the  fingers, 
the  two  hands,  feet,  or  elbows  are  immersed.  After  a  time, 
however,  this  current  gives  place  to  the  '  individual  current,' 
unless  one  part  be  more  deeply  immersed  than  the  other,  or 
its  position  be  otherwise  changed..  This  current  retains  its 
character,  if  ordinary  water  instead  of  salt  water  be  used,  but 
its  direction  is  reversed  in  diluted  sulphuric  acid,  and  ex- 
tremely irregular  in  a  solution  of  potash  or  of  acetate  of 
soda. 

These  currents  which  arise  from  dissimultaneous  immersion 
are  quite  different  from  the  thermic  currents ;  the  former 
are  stronger  than  the  latter,  and  the  direction  of  the  latter 
is  not  changed  in  diluted  sulphuric  acid.  They  may,  how- 
ever, both  appear  simultaneously  in  the  same  experiment. 
Dissimilar  stretching  of  the  skin,  and  dissimilar  perspiration, 
may  also  give  rise  to  electro-motive  action. 

After  eliminating  all  these  sources  of  electricity,  Du  Bois 
found  that,  if  the  electricity  inherent  to  the  skin  is 
examined,  it  appears  that  the  palm  of  the  hand  is  strongly 
negative  to  its  back,  and  the  entire  hand  negative  to  the 
elbow  and  the  chest.  The  elbow  is  feebly  positive  to  the 
chest.  The  sole  of  the  foot  is  strongly  negative  to  the  back 
of  the  foot,  and  the  whole  foot  negative  to  the  chest.  Tlie 
hand  is  generally  negative  to  the  foot,  but  sometimes  the 
reverse  is  observed  in  the  beginning  of  the  experiment.  All 
these  currents  are  strong  and  constant.  They  are  not 
thermic  currents,  because  their  direction  is  not  chano-ed  if 
one  of  the  testing  vessels  is  heated  first  to  60°  and  then  to 
80°,  while  the  other  is  heated  first  to  80°  and  then  to  60°. 
Nor  are  they  traces  of  the  muscular  current,  for  they  appear 
right  through  the  hand  and  the  foot,  where  a  strong  mus- 
cular current  could  not  exist ;  and  they  do  not  show  any 
negative  variation,  from  which  it  appears  that  they  must  be 


CHAP.  I.  ANBLIL  ELECTRICITY  1 23 

simj)ly  cutaneous  currents,  similar  to  those  which  are  ob- 
served in  the  frog's  skin. 

Oastro-hepatic  Current. — We  have  seen  that  the  electrical 
properties  of  the  tissues  are  in  direct  proportion  to  the 
activity  with  which  the  general  metamorphosis  of  matter  is 
being  carried  on  in  them.  Electricity  is  everywhere  mani- 
fested where  a  disturbance  is  going  on  in  the  equilibrium  of 
molecules ;  but  we  must  take  care  not  to  confound  the  true 
animal  electricity,  which  is  a  vital  phenomenon,  with  electric 
currents  arising  merely  from  chemical  action,  and  which  may 
be  observed  in  dead  as  well  as  in  living  animals,  and  in 
vessels  filled  with  heterogeneous  liquids  as  well  as  in  the 
animal  body.  A  current  of  this  latter  kind  is  Matteucci's 
gastro-hepatic  current. 

This  philosopher  believes  that  metal  salts,  when  introduced 
into  the  blood,  are  decomposed ;  the  acids  being  attracted 
and  excreted  by  the  kidneys  as  electro-positive  organ,  while 
the  alkalies  are  drawn  to '  the  liver  as  electro-negative 
organ  ;  and  that  the  contrary  electric  states  of  these  organs 
are  the  cause  of  the  chemical  dissimilarity.  In  order  to  show 
the  existence  of  a  current  moving  from  the  stomach  to 
the  liver,  Matteucci  introduced  a  platinum  plate  into  the 
stomach  of  a  living  rabbit ;  placed  another  plate  on  the 
liver,  and  connected  both  of  them  with  the  extremities  of  a 
galvanometer.  The  needles  instantly  traversed  an  arc  of 
20°,  showing  the  existence  of  a  powerful  current  between  the 
liver  and  the  stomach.  He  now  endeavoured  to  decide  the 
question  whether  this  current  should  be  considered  as  the 
effect  or  the  cause  of  the  chemical  differences  alluded  to, 
since  it  is  generally  known  that  an  electric  current  is  deve- 
loped, if  an  alkaline  and  an  acid  liquid  be  separated  by  per- 
meable structures ;  and  the  stomach  contains  an  acid,  the 
liver  an  alkaline  secretion.  He  divided  the  nerves  and 
vessels  passing  into  the  abdomen  above   the  diaphragm,  and 
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observed  that  the  needle  deviated  only  to  3°  or  4°,  instead 
of  20° ;  and  after  he  had  cut  off  the  head  of  the  rabbit, 
hardly  any  deflection  was  obtained.  But  if  a  wire  was  in- 
serted into  the  spinal  cord,  and  muscular  commotions  were 
produced,  the  gastro-hepatic  current  was  temporarily  re- 
established. 

From  these  experiments  Matteucci  concluded  that  the 
gastro-hepatic  current  was  not  the  effect,  but  tlie  cause,  of 
the  chemical  metamorphosis  of  the  saline  ingesta,  the 
decomposition  of  which  furnished  acid  to  the  stomach  and 
alkali  to  the  liver  ;  that  it  was  not  yet  known  how  this 
current  was  excited,  but  that  a  current  unquestionably 
existed  between  the  stomach  and  the  liver,  which  would 
nearly  cease  on  division  of  the  nerves,  and  completely  vanish 
with  the  death  of  the  animals.  This  current  he  believed  to 
be  competent  to  the  evolution  of  sufficient  free  acid  in  the 
stomach,  to  enable  digestion  to  go  on,  an  equivalent  of  soda 
being  determined  to  the  liver. 

These  experiments  and  conclusions  have  since  been  con- 
troverted by  M.  Donne,  who  has  shown  that  the  so-called 
gastro-hepatic  current  may  be  observed  in  dead  as  well  as 
in  living  animals  ;  from  the  liver  of  one  rabbit  to  the  stomach 
of  another,  and  vice  versa ;  that  neither  the  section  of 
nerves  and  vessels,  nor  cutting  off  the  head,  nor  the 
mechanical  or  electric  excitation  of  tlie  spinal  cord,  has  any 
influence  on  its  intensity ;  that  unequal  organs,  removed 
from  the  body  and  held  in  the  hands,  continue  to  give  rise 
to  electric  currents ;  and  that,  finally,  the  gastro-hepatic 
current  is  an  artificial  electro-chemical  phenomenon,  and 
has  nothing  to  do  with  true  animal  electricity. 
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CHAPTER   II. 
ELICTRO-PHISIOLOGY. 

I  NOW  proceed  to  describe  the  physiological  effects  produced 
by  the  application  of  electricity  to  the  different  tissues  and 
organs  of  the  living  body  in  their  normal  condition.  I  shall 
successively  consider  its  action  upon  the  brain  and  the  spinal 
cord,  the  sympathetic  nerve,  the  organs  of  special  sense,  the 
sentient  nerves,  the  motor  nerves  and  the  muscles,  the  con- 
tractile fibre-cells,  the  heart,  the  blood,  the  skin,  and  the 
bones.  A  thorough  knowledge  of  these  phenomena  will 
enable  us  to  form  more  accurate  notions  of  the  value  of 
electricity  in  its  application  to  disease,  than  might  other- 
wise be  obtained.  The  literature  of  this  subject  is,  however, 
now  so  extensive  that  it  would  be  quite  impossible  to  refer, 
within  the  limits  of  the  present  chapter,  to  all  the  books 
and  papers  which  have  been  written  upon  it ;  and  it  must 
therefore  suffice  to  give  the  results  of  those  investigations 
which  are  either  of  great  historical  interest,  or  have  a  direct 
and  important  bearing  on  the  therapeutical  application  of 
electricity. 

All  electro-physiological  phenomena  are  dependent,  partly 
upon  the  electricity  itself,  and  partly  upon  the  property  and 
function  of  the  organ  that  is  submitted  to  its  action.  In 
the  first  instance,  the /or-m  of  electricity  which  is  used  is  of 
great  importance.  Thus,  sparks  from  the  common  electrical 
machine  applied  to  the  skin  of  any  part  of  the  body  produce 
a  sensation  of  pricking  and  pain  ;  if  they  are  large,  the  skin 
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becomes  red,  aud  a  papular  eruption  resembling-  lichen 
urticatus  is  produced.  If  a  continuous  current  be  made  to 
act  upon  the  skin,  a  sensation  of  pricking  and  heat,  redness, 
inflammation,  and  sloughing  of  the  skin  and  the  subjacent 
structures  may  be  caused,  provided  the  current  be  powerful 
and  the  application  prolonged.  A  volta-faradic  current  may 
produce  sensations  varying,  according  to  its  intensity,  from 
a  slight  pricking  to  an  acute  burning  pain ;  but,  although 
the  tension  of  the  current  may  be  very  high,  it  will  not 
cause  nutritive  disturbances  like  the  continuous  current. 

Sparks  from  the  common  machine,  applied  to  the  face, 
produce  a  faint  sensation  of  light.  The  continuous  curreiat 
directed  to  the  face  causes  a  more  or  less  brilliant  flash,  and 
if  it  have  a  certain  degree  of  intensity,  the  sensations  of 
light  become  positively  dazzling.  An  induced  current  ap- 
plied to  the  face  produces  no  sensation  of  light,  but  con- 
tractions of  the  muscles  and  more  or  less  severe  pricking 
sensations. 

Besides  the  form,  the  quantity  and  tension  of  the  electricity 
have  an  important  bearing  on  the  production  of  the  physio- 
logical effects.  A  powerful  application  of  electricity  causes 
more  striking  effects  than  a  gentle  one.  If  an  induced 
current  of  low  tension  be  employed,  feeble  contractions  of 
the  muscles  take  place,  but  the  sentient  nerves  are  not  much 
affected  ;  on  the  other  hand,  a  current  of  high  tension  causes 
not  only  muscular  contractions,  but  also  striking  sensations 
of  pricking  and  heat ;  and  if  the  intensity  of  the  current  be 
very  high,  pain  is  felt  which  would  not  be  relished  by  the 
most  hardened  garotter ;  and  muscular  contractions  are 
observed  which  resemble  the  commotions  of  tetanus. 

The  physiological  effects  caused  by  electricity  differ  like- 
wise according  to  the  mode  in  which  electricity  is  trans- 
naitted  to  the  organs.  An  induced  current,  applied  to  the 
skin  by  moistened  conductors,  produces  contractions  of  the 
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muscles  whicli  are  beneath  that  part  of  the  skin  to  which 
the  electrodes  are  directed..  On  the  other  hand,  when  dry 
metallic  electrodes  are  used,  the  sentient  nerves  of  the  skin 
are  chiefly  affected,  while  the  contractile  power  of  the 
muscles  is  only  called  into  play  if  the  tension  of  the  cur- 
rent be  very  high.  When  the  electrodes  are  firmly  pressed 
against  the  skin  at  a  point  where  a  motor  nerve  approaches 
the  siu:face,  contractions  of  all  the  muscles  take  place  which 
are  animated  by  that  nerve  ;  but  if  the  conductors  are  only 
just  made  to  touch  the  skin,  the  current  runs  along  the  sub- 
cutaneous cellular  tissue,  and  no  muscular  contractions  are 
observed. 

The  length  of  time  during  which  electricity  is  allowed  to 
act  on  the  different  organs,  is  likewise  of  importance.  If  a 
continuous  current  of  moderate  power  be  directed  to  th6 
skin  for  a  short  time,  it  dilates  the  blood-vessels  and  pro- 
motes circulation  ;  but  if  it  be  applied  for  several  hours  suc- 
cessively (as  is  often  done  with  Pulvermacher's  chains  and 
galvanic  belts),  the  blood-vessels  become  paralysed,  and 
sloughs  are  produced.  An  induced  current  conveyed  for 
a  short  time  to  the  motor  nerves  and  muscles,  rouses  their 
vital  energy  ;  but  if  its  action  be  prolonged  for  an  hour  or 
more,  the  motor  power  of  those  organs  becomes  exhausted, 
and  temporary  paralysis  may  be  the  result. 

The  physiological  effects  of  electricity  are  further  deter- 
mined by  the  special  property  of  the  organ  to  which  it  is 
applied.  The  same  electric  current  which  produces  a  flash 
of  light  when  applied  to  the  eye,  causes  a  special  sensation 
of  taste  when  directed  to  the  tongue  ;  sounds  when  apjDlied 
to  the  ear ;  muscular  contractions,  when  directed  to  a  motor 
nerve,  and  sensations  of  pricking  and  heat  when  applied  to 
the  skin.  Finally,  the  different  states  of  vitality  of  the 
organ,  at  the  time  when  the  electricity  is  conveyed  to  it,  are 
of  great  importance.     Thus,  a  morbid  increase  of  sensibility 
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in  a  nerve,  such  as  occurs  in  sciatica,  tic  douloureux,  and 
other  forms  of  neuralgia,  may  be  reduced  ;  while,  on  the  other 
hand,  a  nerve,  the  vital  energy  of  which  is  gone  or  materially 
diminished,  may  by  electricity  be  restored  to  its  normal  con- 
dition. 

In  electro-physiological  phraseology  the  terms  direct, 
descending,  or  centrifugal  current,  mean  that  arrangement 
of  the  electrodes  in  which  the  positive  is  nearest  to  the 
centre,  and  the  negative  at  a  more  peripheral  part ;  and  the 
terms  inverse,  ascending,  or  centHpetcd  current,  mean  that 
arrangement  in  which  the  negative  electrode  is  nearest  to 
the  centre,  and  the  positive  at  a  more  peripheral  part. 

The  instruments  principally  used  in  electro-physiological 
researches  are  a  few  cells  of  Daniell's  battery  (p.  27),  a 
Siemens's  rheostat  (p.  54),  a  Du  Bois-Reymond's  induction 


Fig.  47. 
Du  Bois'  Sledge. 

apparatus,  or,  as  it  is  commonly  called,  '  sledge,'  the  same 
observer's  galvanic  key,  and  a  variety  of  small  electrodes. 

Du  Bois'  sledge  is  an  induction  apparatus  nursed  by  a  pair 
of  Grrove's  or  Bunsen's  battery,  a  is  a  clamp  for  receiving 
the  negative  wire  of  the  battery  ;  b  a  spiral  of  wire  wound 
round  a  soft  iron  in  the  form  of  a,  horse-sjioe  ;  c  the  coil 
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filled  with  a  core  of  soft  iron,  and  surrounded  by  a  helix  of 
copper  wire,  and  d  the  end  of  this  wire,  e  is  a  piece  of 
brass  which  supports  d  and  the  platinum-pointed  screw  f. 
The  positive  batteiy-wire  is  fastened  to  the  brass  pillar  g, 
which  at  its  top  is  connected  with  the  hammer  h.  i  is  the 
sledge,  or  outer  coil  of  -wires,  which  may  be  made  to  slide  on 
brass  rails  over  part  or  the  whole  of  the  inner  coil  c.  From 
this  description  it  is  easy  to  follow  the  way  of  the  current. 
The  positive  current  first  runs  through  the  brass  pillar  G  to 
the  hammer  h,  and  from  there  to  the  platinum-pointed 
screw  F ;  thence  it  goes  to  the  brass-piece  e,  and  through 
the  damp  d  to  the  inner  coil  c.  It  now  passes  to  the  small 
horse-shoe  magnet  B,  traverses  both  pillars,  and  at  last 
reaches  the  negative  pole  of  the  battery  a.  As  long  as  it 
traverses  the  wire  coiled  round  the  horse-shoe  b,  it  renders 
the  soft  iron  magnetic,  and  the  latter  then  attracts  the 
hammer  h.  This  breaks  the  contact  between  the  hammer 
and  the  platinum-pointed  screw  f,  and  therefore  interrupts 
the  metallic  circuit.  The  magnetism  of  b  thereupon  ceases, 
the  hammer  is  no  longer  attracted,  and  returns  to  its  pre- 
vious position  in  contact  with  f.  The  metallic  circuit  is 
thereby  re-established,  the  magnetism  reproduced,  and  the 
hammer  again  attracted.  The  same  play  is  thus  constantly 
repeated  as  long  as  the  apparatus  is  in  action.  The  more 
the  external  coil  i  is  pushed  over  the  internal  coil  c,  the 
greater  becomes  the  intensity  of  the  current,  and  vice 
versa. 

■  Du  Bois'  galvanic  key  (fig.  48,  p.  1 30)  is  very  convenient 
for  opening  and  closing  the  circuit  of  the  battery.  It  consists 
of  a  plate  of  ebonite  secured  to  a  vice-pin,  by  which  it  can 
be  firmly  screwed  to  the  edge  of  a  table.  On  this  plate  are 
fastened  two  double  binding-screws,  which  can  be  connected 
or  disconnected  by  raising  or  lowering  the  movable  brass  arm 
at  the  top  of  the  plate.     This  arm  has  an  ivory  handle,  and 
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turns  on  a  pivot.  If  one  battery  wire  be  fixed  in  the  left, 
and  the  other  in  the  right  binding- 
screw,  the  key  will  open  and  close  the 
circuit.  On  the  other  hand,  if  the 
conducting  wires  be  fixed  in  the  outer 
ones  of  the  pair  of  binding-screws, 
and  the  two  inner  ones  be  attached 
to  wires  proceeding  to  the  nerve,  it 
is  merely  necessary  to  raise  the  lever^in 
order  to  make  the  battery  -  current 
pass  through  tlie  nerve.  The  advan- 
tages of  this  key  are,  that  it  is  always 
ready  for  use  ;  that  the  circuit  can 
always  be  opened  and  closed  with  cer- 
tainty and  in  tlie  same  manner ;  and 
tliat  no  special  consideration  need  be 
paid  to  the  battery  or  the  conducting  Fig.  48. 

wires.  Galvanic  Key. 


I.— ACTION   OF   ELECTEICITY  UPON  THE  BRAIN. 

The  only  form  of  electricity  which,  if  applied  in  moderate 
intensity,  has  a  distinct  physiological  action  on  the  brain  of 
the  living  man,  is  the  continuous  current.  Static  electricity, 
electro-magnetism,  and  magneto-electricity,  only  affect  that 
organ  if  applied  so  powerfully  as  to  interfere  with  health, 
and  perhaps  life  ;  but  a  gentle  continuous  current,  directed 
to  the  face,  scalp,  or  neck,  and  which  causes  no,  or  scarcely 
any,  sensation  of  pain,  is  readily  transmitted  from  those 
parts  to  the  cerebral  substance.  This  is  shown  by  the  sen- 
sations of  light,  sound,  smell,  and  taste,  perceived  on  apply- 
ing the  continuous  current  at  a  distance  from  the  organs  of 
special  sense,  and  which  may  be  explained  by  assuming  that 
the  nerves  animating  those  organs  are   encountered  by  the 
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galvanic  influence  at  the  base  of  the  brain.  Furthermore, 
sensations  are  caused  by  an  application  of  the  current  to  the 
head,  which  can  only  be  owing  to  a  direct  action  of  it  on  the 
cerebral  matter,  viz.  dizziness,  giddiness,  sleepiness,  sickness, 
faintness,  vomiting,  and  even  convulsions.  The  latter  phe- 
nomena are  only  noticed  if  the  current  be  one  of  consider- 
able power ;  but  giddiness  and  fa^intness  are  often  felt  even 
when  a  gentle  current  is  used. 

Up  to  a  recent  time  it  has  been  generally  assumed  that 
the  hemispheres  of  the  brain  are  not  excitable  by  any  stimu- 
lants which  are  generally  used  by  physiologists.  It  is  true 
that  Haller  and  Zinn^  spoke  of  having  seen  convulsive  move- 
ments after  injuring  the  medullary  substance  of  the  brain ; 
but  this  statement  has  always  been  rejected,  inasmuch  as  it 
was  difficult,  with  the  methods  of  experimentation  generally 
used  at  that  time,  to  properly  localise  the  action  of  stimu- 
lants ;  and  it  was,  therefore,  believed  that  they  had  with 
their  instruments  irritated  the  medulla  oblongata. 

Longet,^  who  experimented  on  dogs,  rabbits,  and  goats, 
irritated  the  white  matter  of  the  cerebral  hemispheres  with 
the  knife,  cauterized  it  with  potash  and  nitric  acid,  and  sent 
a  galvanic  current  through  it  in  every  direction  ;  but  found 
that  all  of  these  proceedings  failed  to  call  into  action  the 
involuntary  muscular  contractility.  He  obtained  the  same 
negative  results  on  irritating  the  gray  cortical  matter. 
Magendie  likewise  found  the  cerebrum  and  the  cerebellum 
completely  unexcitable  to  electricity. 

Matteucci,^  on  applying  the  electrodes  of  a  battery  of  sixty 
pairs  of  plates  to  the  cerebral  hemispheres,  noticed  that  the 
animal  did  not  start,  nor  was  any  effect  visible  if  the  cere- 

'  Memoire  sur  la  nature  sensible  et  irritable  du  corps  animal.    Lausanne, 

1756,  Tol.  i.  p.  201. 

^  Anatomie  et  pathologic  du  systeme  nerveux,  etc.    Paris,  1842,  vol.  i.  p.  644 
'  Traite  des  phenomenes  electro-physiologiques  des  animaux.    Paris,  1844, 

p.  272.  - 
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bellum  was  touched ;  but  when  the  electrodes  were  directed 
to  the  tubercula  quadrigemina  and  the  crura  cerebri,  the 
animal  cried  out  lustily,  and  at  the  same  time  all  the  muscles 
of  the  body  were  contracted.  These  phenomena  lasted  for 
several  seconds,  but  did  not  recur  on  breaking  the  current. 

Prof.  Weber,^  of  Leipzig,  used  faradism  in  his  researches. 
He  observed  no  effects  if  the  electrodes  were  applied  to  the 
hemispheres  of  the  brain  or  to  the  cerebellum,  not  even  if 
they  were  pushed  into  the  depth  of  the  medullary  substance ; 
but  by  directing  them  to  the  tubercula  quadrigemina,  irre- 
gular convulsions  were  produced,  which  either  appeared  as 
clonic  cramps,  such  as  are  observed  in  patients  suffering  from 
certain  diseases  of  the  brain  ;  or  which  resembled  reflex 
movements,  that  is  to  say,  they  did  not  occur  irregularly  in 
all  the  muscles,  but  in  certain  groups  of  muscles  which  are 
physiologically  combined  in  action.  Faradisation  of  the 
medulla  oblongata  caused  tetanic  convulsions,  as  observed 
after  poisoning  by  strychnia. 

Van  Deen^  denied  any  electric  excitability  to  the  brain, 
as  well  as  to  the  spinal  cord  of  rabbits.  Budge,  who  sacri- 
ficed an  enormous  number  of  dogs  and  rabbits,  came  to  the 
conclusion  that  not  a  single  motor  fibre  proceeded  from  the 
cerebral  hemispheres  to  the  voluntary  muscles  ;  and  Schiff  ^ 
affirmed  that  stimulation  of  the  cerebral  lobes,  of  the  striated 
bodies,  and  the  cerebellum,  does  not  cause  a  trace  of  a  con- 
traction in  any  of  the  voluntary  muscles  of  the  body  or  even 
the  viscera. 

Flourens,^  who  made  a  large  series  of  researches  on  birds 
and  mammalia,  in  which  he  successively  removed  the  diffe- 

'  Article  '  Muskelbewegung,'  in  Wagner's  Haud-worterbuch  der  Physiologie, 
vol.  iii.  part  2. 

-  Moleschott's  Untersuchungeu,  vol.  vii.  p.  381. 

'  LeLrbuch  der  Physiologie.    Lahr,  1858,  vol.  i.  p.  362. 

*  Keciierches  experimentales  sur  les  proprietes  et  les  fonctions  du  systems 
nerveux.     Paris,  181:2. 


CHAP.  II.  THE   BEAIN  133 

rent  portions  of  the  brain,  found  that  volition  and  conscious- 
ness appeared  completely  lost  after  ablation  of  the  cerebrum, 
but  that  stimulants  acting  from  without  would  even  then 
cause  a  kind  of  purely  mechanical  movement  in  the  muscles. 
Animals  would  run  if  pushed  ;  birds  would  fly  if  thro^vn  up 
into  the  air  ;  they  would  resent  worry  ;  would  swallow  any- 
thing put  in  their  mouth ;  and  the  iris  would  contract  when 
exposed  to  light.  But  such  movements  never  occurred 
without  the  action  of  some  external  excitant.  Animals  de- 
prived of  the  brain  would,  as  a  rule,  sit  quite  still,  in  a  sort 
of  lost  and  dreamy  condition ;  and  they  would  continue  in 
this  state  if  they  were  near  starvation,  and  put  in  the  midst 
of  plenty.  Flourens  concluded  from  these  observations  that 
the  cerebral  hemispheres  are  not  the  seat  of  the  immediate 
principle  of  muscular  movements,  but  that  they  are  the 
centre  of  volition  and  sensation. 

Quite  recently  the  view  that  the  cerebral  hemispheres  do 
not  respond  to  the  influence  of  electricity  by  muscular  mo- 
tions of  remote  parts,  has  been  controverted  by  Fritsch  and 
Hitzig.^  Their  investigations,  although  as  yet  not  corrobo- 
rated by  other  observers,  nevertheless  appear  to  have  been 
most  carefully  made ;  and  will,  if  confirmed,  profoundly 
modify  the  opinions  we  have  hitherto  entertained  regarding 
the  localisation  of  the  cerebral  faculties.  Hitzig  was  led  to 
undertake  these  researches  from  having  observed  movements 
of  voluntary  muscles  in  consequence  of  direct  galvanisation 
of  the  nervous  centres  in  the  living  man.  He  found  that  if 
a  constant  current  was  passed  through  the  posterior  portion 
of  the  head,  certain  movements  of  the  eyes  occurred  which 
could  only  be  owing  to  direct  excitation  of  cerebral  centres. 
They  might  have  been  looked  upon  as  caused  by  stimulation 
of  the  corpora  quadrigemina,  or  neighbouring  parts  ;  but  as 

•  Eeichert  und  Du  Bois-Reymond's  Archiv,  1870,  p.  300. 
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they  likewise  took  place  when  the  current  was  passed  through 
the  temples,  if  only  care  was  taken  artificially  to  increase  the 
excitability,  the  question  arose  whether  the  brain  might  not 
after  all,  and  in  contradiction  to  the  generally  received 
opinion,  possess  a  certain  degree  of  electric  excitability. 
Fritsch  and  Hitzig  pursued  the  following  method  in  their 
physiological  investigations  of  this  matter  : — 

Dogs  were  used,  and  at  first  not  narcotised,  but  in  the 
later  experiments  they  were  brought  under  the  influence  of 
ansesthesia.  The  skull  was  trephined,  and  then  either  the 
entire  half  of  the  skull-cap  removed  by  forceps,  or  only  that 
portion  of  it  which  covers  the  anterior  lobes  of  the  brain. 
In  most  cases,  after  one  hemisphere  had  been  used,  the  other 
half  of  the  skull-cap  was  treated  in  the  same  manner.  In 
all  these  cases,  however,  after  on  one  occasion  a  dog  had 
bled  to  death  from  a  slight  injury  to  the  sinus  longitudinalis, 
a  bridge  of  bone  protecting  that  sinus  was  left  intact.  The 
dura  mater  was  then  slightly  incised,  taken  up,  and  com- 
pletely removed  down  to  the  edge  of  the  bone.  This  pro- 
ceeding caused  a  good  deal  of  pain  to  the  animals,  as  shown 
by  their  screams  and  reflectory  movements.  At  a  later 
period,  when  the  air  had  for  some  time  had  access  to  the 
parts,  the  dura  mater  became  even  more  sensitive,  which  was 
carefully  considered  in  all  experiments.  The  pia  mater, 
however,  could  be  injured  in  all  sorts  of  ways  without  causing 
any  suffering. 

As  a  rule  a  constant  current  of  Daniell's  (Siemens's) 
battery  was  used,  which  was  just  strong  enough  to  excite  a 
slight  sensation  of  pricking  and  taste  on  the  tongue.  The 
faradic  current  was  only  used  in  a  few  experiments.  A 
rheostat  of  2,100  Siemens's  units,  a  Du  Bois-Reymonds  key, 
and  fine  platinum  electrodes,  which  were  generally  at  a 
distance  of  from  two  to  three  millimetres,  were  employed. 

The  general  result,  deduced  from  a  large  number  of  experi- 
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ments,  is  that  one  part  of  the  convexity  of  the  cerebrum  in 
the  dog  is  motor,  and  this  is,  generally  speaking,  situated 
anteriorly ;  while  another  part  is  not  motor,  and  this  is, 
generally  speaking,  situated  posteriorly.  By  electric  stimu- 
lation of  the  motor  poHion,  combined  muscular  movements 
of  the  opposite  side  of  the  body  are  produced. 

If  a  very  feeble  current  be  used,  these  movements  are 
localised  in  certain  well-defined  sets  of  muscles ;  but  if  the 
current  employed  be  powerful,  other  sets  of  muscles,  not  only 
in  the  opposite,  but  also  in  the  corresponding-  side  of  the 
body,  are  acted  upon.  The  possibility  of  isolated  stimulation 
of  a  well-defined  set  of  muscles  is  limited  to  small  parts, 
which  may  conveniently  be  called  centres.  A  slight  dis- 
placement of  the  electrodes  caused  motion  of  the  same 
limb,  but  if  there  was  at  first  extension,  the  displace- 
ment caused  flexion  or  rotation.  Those  parts  of  the 
surface  of  the  brain  which  are  situated  between  the  centres 
were  unexcitable  by  a  very  feeble  current.  If  the  distance 
of  one  electrode  from  the  other,  or  the  power  of  the  current, 
was  increased,  movements  could  be  produced  ;  but  these  con- 
tractions affected  the  whole  body  in  such  a  manner  as  to 
make  it  difiicult  to  distinguish  whether  they  were  unilateral 
or  bilateral. 

The  locality  of  these  centres  is  very  constant  in  the  dog.  At 
first  that  portion  was  determined  which  caused  the  strongest 
contractions  of  a  certain  set  of  muscles,  with  the  minimum 
power  of  current,  A  pin  was  then  inserted  between  the  two 
electrodes  into  the  brain  of  the  living  animal,  and  after  re- 
moval of  the  brain,  the  points  thus  marked  were  compared 
with  previous  specimens  which  had  been  preserved  in  spirits 
of  wine.  The  situation  of  these  centres  is  so  constant,  that 
Fritsch  and  Hitzig  succeeded  repeatedly  in  finding  the  in- 
tended centre,  without  otherwise  opening  the  skull,  in  the 
middle  of  one  head  of  a  trephine.     After  the  dura  mater 
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had  been  removed,  the  muscles  dependent  upon  such  a 
centre  could  be  made  to  contract  as  well  as  if  the  whole 
hemisphere  had  been  laid  bare. 

The  centre  for  the  muscles  of  the  neck  is  situated  in  the 
middle  of  the  pre-frontal  convolution,  while  the  extreme  end 
of  the  post-frontal  convolution  contains,  next  the  end  of  the 
frontal  fissure,  the  centre  for  the  extensors  and  abductors  of 
the  fore-leg.  Somewhat  at  the  back  of  this,  and  nearer  to  the 
coronal  fissure,  are  the  centres  for  flexion  and  rotation.  The 
centre  for  the  hind-leg  is  likewise  in  the  post-frontal  convolu- 
tion, but  nearer  to  the  middle  and  more  to  the  back  than 
that  for  the  fore-leg.  The  portio-dura  receives  its  motor  in- 
fluence from  the  middle  portion  of  the  super-sylvian  convo- 
lution. 

It  was  not  possible  in  all  cases  to  cause  contraction  of 
the  muscles  of  the  neck  from  the  first-named  centre.  The 
muscles  of  the  back,  tail,  and  abdomen,  were  generally 
moved  by  stimulation  of  the  parts  mentioned  ;  but  a  circum- 
scribed point,  from  where  they  could  be  individually  excited, 
could  not  be  accurately  defined.  The  whole  portion  of  the 
convexity  of  the  brain  which  lies  behind  the  centre  for 
the  portio-dura,  is  absolutely  unexcitable  to  even  a  power- 
ful current. 

The  character  of  the  contractions  caused  by  stimulation  of 
these  motor  centres  differs  according  to  the  way  in  which 
they  are  stimulated.  Making  the  current  in  the  metallic 
circuit  causes  a  single  contraction,  which  disappears  rapidly ; 
but  if  the  circuit  be  closed  by  simply  putting  the  electrodes, 
on,  it  is  necessary  to  use  a  stronger  current  for  producing  the 
same  effect. 

It  appears  that  the  anode  constantly  preponderates,  and 
that  if  the  power  used  be  minimal,  this  is  the  only  electrode 
which  will  cause  contractions.  When  the  circuit  has  been 
closed  for  some  time,  voltaic  alternatives  increase  the  effect. 
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With  tetanising  induction  currents,  the  results  obtained 
are  not  so  constant.  Frequently  there  are  some  contrac- 
tions of  corresponding  sets  of  muscles,  and  which  diminish 
only  after  a  considerable  time.  In  other  instances  there  is 
at  once  a  maximum  of  contraction,  after  which  no  fm'ther 
effect  is  produced.  Prof.  Weber  had  already  shown  that 
after  breaking  a  current  which  had  tetanized  the  cord  of  a 
frog,  movements  occurred  subsequently  in  all  the  muscles 
of  the  body.  The  same  observation  has  now  been  made 
with  regard  to  the  cerebral  substance,  as  subsequent  move- 
ments occurred,  even  when  the  irritation  had  lasted  only  a 
few  seconds ;  there  being  distinct  tremor  in  the  facial 
muscles,  while  the  extremities  were  convulsed  by  clonic 
spasms.  In  two  animals  well-marked  epileptic  attacks 
came  on  subsequently.  These  began  unilaterally  with 
contractions  in  the  muscles,  which  had  been  previously 
irritated.  The  pupils  in  these  cases  were  intensely  dilated. 
It  might  be  objected  to  these  experiments  that  the  re- 
sults observed  were  owing  to  portions  of  the  current  travel- 
ling from  the  irritated  parts  to  others  at  a  distance  ;  but 
if  it  be  considered  that  always  a  very  feeble  current  was 
used,  that  the  cerebral  substance  offers  a  not  inconsiderable 
resistance,  and  that  the  distance  between  the  electrodes  was 
very  small,  it  would  appear  that  the  density  of  the  current 
could  only  be  minimal  even  near  the  point  of  irritation. 
Again,  such  derived  currents  would  no  doubt  preferably 
affect  the  nerves  of  the  same  side  of  the  body,  there  being 
no  reason  whatever  why  they  should  exclusively  travel  to 
those  of  the  opposite  side.  Furthermore,  the  motor  nerves 
of  the  eye*  are  in  the  immediate  neighbourhood  of  the 
irritated  points,  so  that  if  a  derivation  of  the  current  took 
place,  the  eye  would  be  moved  more  readily  than  the  fore- 
or  hind-leg.  There  is,  however,  in  the  whole  convexity  not 
a  single  point,  the  irritation  of  which,  even  by  a  stronger 
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current   than  that   which  was    generally  used  in   these  re- 
searches, ever  caused  movements  of  the  eye. 

One  reason  why  similar  phenomena  have  not  been  noticed 
by  previous  observers  may  be,  that  the  excitability  of  the 
brain  sinks  very  rapidly  under  such  circumstances,  and 
is  indeed  gone  before  death  takes  place. 
'  Immediately  after  death  it  appears  utterly  lost,  even  if 
a  most  powerful  current  be  used,  while  the  muscles  and 
peripheral  nerves  retain  their  excitability  ^  much  longer. 
It  is  therefore  necessary  that  circulation  should  still  be 
active  at  the  time  such  experiments  are  undertaken. 

It  does  not  appear  probable  that  these  contractions  are 
owing  to  reflex  action.  Such  action  might,  perhaps,  be 
transmitted  by  the  nerves  of  the  dura  and  the  pia  mater ; 
but  this  is,  for  various  reasons,  very  doubtful.  Fritsch  and 
Hitzig  believe  that  previous  experimenters  were  unsuccessful 
in  their  investigations  because  they  did  not  lay  open  the 
whole  convexity.  It  appears,  indeed,  that  the  posterior  and 
lateral  wall  of  the  skull-cap  of  dogs,  beneath  which  there 
are  no  motor  parts,  is  the  portion  easiest  to  trephine  ;  and 
they  probably  commenced  the  operation  there,  without 
proceeding  further  to  the  front,  thinking  that  the  several 
portions  of  the  surface  had  the  same  function. 

Dr.  Ferrier  ^  has  apparently  come  to  similar  conclusions 
as  the  two  Grerman  observers,  but  has  as  yet  only  given  a 
preliminary  notice  of  his  researches.  He  considers  the 
anterior  portions  of  the  cerebral  hemisphere  the  chief  centres 
of  voluntary  motion  ;  states  that  powerful  irritation  of  one 
corpus  striatum  causes  rigid  pleurosthotonus,  the  flexors 
predominating  over  the  extensors ;  that  the  corpora 
quadrigemina,  besides  being  concerned  with  vision  and  the 
movements  of  tlie  iris,  are  centres  for  the  extensor  muscles 

^  British  Medical  Journal,  April  26,  1873. 
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of  the  head,  trunk  and  legs ;  that  the  cerebellum  is  the 
co-ordinating  centre  for  the  muscles  of  the  eyeball ;  and 
that  nystagmus  is  an  epileptiform  affection  of  the  cerebellar 
oculo-motorial  centres. 

Cerebral  symptoms  in  the  living  man  are  most  easily 
caused  by  directing  the  continuous  current  to  the  aui'iculo- 
maxillary  fossa,  the  mastoid  process,  and  the  occipital 
region.  This  is  partly  owing  to  the  circumslance  that  the 
epidermis  in  these  places  is  fine  and  not  covered  "with  hair, 
which  latter  is  a  bad  conductor  even  when  moistened ;  and 
partly  to  certain  vascular  peculiarities  existing  in  these 
parts.  Thus  we  find  that  a  large  vein  connecting  the  sinus 
transversus  with  the  posterior  auricular  veins,  and  likewise 
the  posterior  meningeal  artery,  proceed  through  the 
mastoid  foramen  into  the  skull.  Again,  in  the  occipital 
region,  there  is  a  connexion  between  the  sinus  transversus 
and  the  vena  cervicalis  profunda,  by  means  of  a  vein  cours- 
ing through  the  posterior  condyloid  foramen.^ 

Galvanic  giddiness. — That  the  continuous  current,  when 
directed  through  the  head,  will  cause  giddiness,  was  already 
known  to  Augustin,^  who  says  that  if  a  wire  be  coiled  round 
the  ears,  moistened  with  salt  water,  and  connected  with  the 
poles  of  the  battery,  giddiness  is  experienced  and  flashes  of 
light  are  seen.  Purkinje^  observed  that  if  the  current  was 
sent  through  the  ears,  it  caused  fulness  of  the  head  and  a 
general  feeling  of  dizziness,  the  direction  of  which  was 
upwards  from  the  right  to  the  left  side,  if  the  negative  pole 
was  in  the  right,  and  the  positive  in  the  left  ear  ;  while  with 
the  reverse  arrangement  of  the  electrodes  it  proceeded  up- 
wards from  the  left  to  the  right  side. 

In  order  to  render  the  movements  of  the  body  which  are 

'  Lxischka,  Anatomie  des  Menscheu,  vol.  iii.  2.  p.  154;  and  Ziemssen,  loc. 
cit.  p.  139. 

-  Geschichte  der  galvanischen  Electricitat,  1803,  p.  129. 
'  Eust's  Magazin  fiir  Chirurgie,  1827,  vol.  xxiii.  p.  297- 
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produced  under  these  circumstauces  plainly  perceptible, 
Immermann  ^  fixed  a  camel-hair  brush  on  the  head,  and 
arranged  a  carbonised  plate  horizontally  above  the  head  in 
such  a  manner  that  the  brush  portrayed  on  it  the  movements 
which  occurred.  It  was  then  seen  that  the  feeling  of  giddi- 
ness may  be  intense,  and  yet  only  a  very  slight  displacement 
of  the  head  towards  the  side  may  take  place. 

Brenner,^  who  has  made  a  considerable  number  of  experi- 
ments with  Immermann's  brush,  found  that  the  body  is 
always  inclined  towards  that  side  were  the  anode  is  applied. 
This  tendency  commences  on  making  the  current,  increases 
during  the  first  few  seconds  while  the  circuit  is  closed,  and 
then  diminishes.  On  breaking  the  current  there  is  a  short 
giddiness,  in  which  the  head  is  inclined  towards  the  cathode. 
On  reversing  the  direction  of  the  current,  the  giddiness  in- 
creases, and  the  body  is  inclined  towards  the  opposite  side. 
The  greatest  effect  is  produced  by  placing  the  electrodes  in 
the  am'iculo-maxillary  fossae. 

Hitzig,^  who  has  more  recently  investigated  this  subject, 
found  that  some  people  were  more  easily  affected  than  others. 
Patients  suffering  from  locomotor  ataxy  were  particularly 
sensitive  in  this  respect.  As  soon  as  the  current  commences 
to  flow,  the  perception  of  the  condition  of  objects,  or  of  one's 
own  person,  in  space,  is  altered.  If  the  current  be  trans- 
versely sent  through  the  anterior  or  posterior  part  of  the 
head,  vertigo  is  not  so  easily  caused  ;  but  if  one  electrode  be 
in  the  auriculo-maxillary  fossa,  and  the  other  at  an  indif- 
ferent point,  say  in  the  hand,  it  is  produced  at  once.  Varia- 
tions in  the  density  of  the  current  are  likewise  most 
effective,  but  it  was  not  possible  to  determine  whether  the 
anode  has  more  effect  than  the   cathode,  and  opening  moj-e 

'  Deutsches  Archiv,  vol.  i.  p.  595. 

-  Untersuchungen  und  Beobachti;ngen,  etc.    Leipzig,  1868,  vol.  i.  p.  75. 

"  Du  Bois  und  Eei.hert's  Archir,  1871,  p.  716. 
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than  closing.  The  condition  of  the  skin  has  a  great  influ- 
ence upon  the  result.  A  slight  abrasion,  a  more  or  less 
moist  state  of  the  cuticle,  will  considerably  alter  the  phe- 
nomena. There  is  some  difficulty  connected  with  the  ap- 
preciation of  results,  inasmuch  as  one  has  to  rely  upon  the 
statements  of  the  persons  experimented  U23on,  Avho  may  one 
day  be  more  predisposed  to  experience  giddiness  than 
another.  On  the  whole,  however,  it  would  appear  as  if  the 
anode  was  more  effective  than  the  cathode.  Vertigo  is 
experienced  during  the  whole  tiuie  the  cm-rent  acts,  pro- 
vided the  latter  has:  a  certain  tension ;  and  an  alteration  in 
tlie  direction  of  the  current  increases  the  phenomena. 

Hitzig  has  distinguished  three  different  degrees  of  giddi- 
ness. The  first  and  slightest  may  be  called  fulness  in  the 
liead,  and  is  produced  by  a  feeble  current.  There  is  a 
degree  of  uncertainty  as  regards  the  position  of  one's  own 
body  or  of  external  things  in  space,  but  no  apparent  or  real 
movements  of  the  body.  It  is  only  perceived  on  breaking 
tlie  current,  while  making  it,  or  the  closed  circuit,  have  no 
effect. 

The  second  degree  is  characterised  by  apparent  move- 
ments. The  objects  seem  to  turn  while  the  current  circu- 
lates, like  a  wheel  placed  parallel  to  the  face,  in  a  direction 
from  the  anode  to  the  cathode.  On  breaking  the  current 
this  direction  is  reversed,  so  that  the  apparent  movement 
ascends  from  the  cathode,  and  descends  towards  the  anode. 

The  third  degree  is  produced  by  a  more  powerful  current. 
On  making  the  current,  the  person  experimented  upon 
staggers,  and  the  head  or  the  whole  body  are  turned  towards 
the  side  corresponding  to  the  anode,  while  on  breaking  they 
incline  towards  the  side  corresponding  to  the  cathode. 
Apparent  rotatory  movements  continue  at  the  same  time, 
and  the  rapidity  of  these  imaginary  movements  increases  in 
proportion  to  the  power  of  the  current. 
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If  only  one  electrode  be  on  the  head  and  the  other  else- 
where, say  in  the  supra  -  clavicular  fossa,  the  head  is 
inclined  towards  that  side  where  the  head-electrode  is 
placed,  while  the  objects  seem  to  vanish  towards  the  oppo- 
site side. 

The  same  observer  has  found  galvanisation  of  the 
head  to  produce  peculiar  Tnovements  of  the  eyes,  provided 
the  current  is  sufficiently  strong  to  cause  the  second  or  third 
degree  of  vertigo.  A  current  flowing  transversely  through 
the  head,  and  alterations  made  in  its  direction,  are  most 
effective  in  this  respect.  These  movements  generally  con- 
tinue during  the  whole  time  the  circuit  remains  closed,  but 
gradually  become  less  extensive  ;  and  if  the  current  used 
be  feeble,  they  may  disappear  altogether.  They  resemble 
nystagmus ;  at  first  there  is  a  jerk  towards  one  side,  and 
this  is  followed  by  a  somewhat  slower  movement  towards  the 
opposite  side.  If  the  power  of  the  current  be  increased,  the 
rhythm  of  these  movements  increases  in  rapidity,  and  at 
last  the  short  jerk  predominates,  so  that  the  eye  is  seen 
slightly  oscillating,  but  almost  fixed  to  the  corner  of  the 
orbit.  The  sudden  jerk  occurs  in  the  direction  of  the 
positive  current.  If  the  anode  be  in  the  right  mastoid  fossa, 
and  the  cathode  in  the  left,  both  eyes  are  jerked  towards 
the  left,  and  are  kept  fixed  there  if  the  current  be  very 
strong. 

It  is  not  probable  that  these  movements  are  owing  to  a 
direct  transmission  of  the  galvanic  influence  to  the  ocular 
muscles,  because  they  take  place  more  easily  from  the 
mastoid  fossa  than  from  the  neighbourhood  of  the  orbit ; 
nor  should  they  be  attributed  to  stimulation  of  the  motor 
nerves  of  the  eye  ;  it  is  more  reasonable  to  assume  that  certain 
central  portions  of  the  brain  respond  in  this  manner  to  the 
current.  Brenner  has  shown  that  if  the  anode  be  subdivided 
in  two  parts,  and  one  part  of  it  is  put  into   each  mastoid 
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fossa,  while  the  cathode  is  placed  to  the  nape  of  the  neck, 
no  vertigo  is  caused  ;  but  if  one  branch  of  the  anode  was 
removed,  giddiness  came  on  at  once,  even  when  the  current 
used  was  less  powerful  than  before.  According  to  Hitzig, 
the  same  result  occurs  with  regard  to  ocular  movements. 
Even  if  the  current  be  very  powerful  indeed,  neither  giddi- 
ness nor  ocular  movements  occur,  if  both  halves  of  the 
skull  be  acted  upon  by  the  same  electrode ;  they  only  take 
place  if  the  two  contrary  electrodes  are  used  in  this  manner. 

Hitzig  has  also  found  that  if  the  ears  of  a  rabbit  be  filled 
with  moistened  blotting-paper,  and  a  galvanic  current  then 
sent  through,  the  animal  falls,  on  closing  the  circuit,  to- 
wards the  side  of  the  anode,  and  the  eyes  are,  with  severe 
nystagmus,  turned  towards  the  side  of  the  cathode.  On 
opening  the  circuit,  the  reverse  movements  take  place. 

From  all  these  observations  it  is  quite  evident  that  a  con- 
tinuous current  of  moderate  power  may  be  passed  through 
the  brain  of  the  living  man ;  and  the  only  question  which 
remains  to  consider  in  regard  to  this  is,  whether  the  current 
is  exclusively  transmitted  to  it  in  the  way  described  by 
M.  Erb  (p.  71),  viz.  by  way  of  the  blood-vessels  which  pene- 
trate from  without  into  the  cavity  of  the  skull ;  or  whether 
the  reflex  function  of  the  fifth  pair  of  cerebral  nerves  is  like- 
wise concerned  in  g-uiding  the  current  to  the  brain,  as  I  have 
always  been  inclined  to  assume. 

An  opportunity  has  lately  been  afforded  to  me  of  studying 
this  question  in  the  living  subject,  with  due  elimination  of 
all  sources  of  error ;  as  I  have  been  fortunate  enough  to 
observe,  clinically,  a  case  of  complete  anaesthesia  of  the  entire 
fifth  pair  of  cerebral  nerves.  In  this  patient,  the  reflex 
function  of  the  trifacial  nerve  was  completely  excluded,  and 
it  appeared  that  no  cerebral  symptoms  were  produced,  even  if 
a  current,  which  was  powerful  enough  to  cause  intolerable  sen- 
sations to   a  healthy  person,  was  sent  straight  through  the 
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head.  The  case  alluded  to  appears  to  me  to  have  a  most 
important  hearing  on  the  settlement  of  this  question,  and  I 
therefore  subjoin  the  following  particulars  of  it. 


Case  I.-  -  -Ancesthesia  of  the  Fifth  Pair  of  Cerebral  Nerves. 

P.  G.,  aged  27,  unmarried,  a  sheep-farmer  living  in  Australia, 
had  been  in  good  health  until  June  1866,  when  on  riding  across 
a  vast  plain  in  Queensland,  and  being  much  exposed  to  a  keen 
wind  blowing  steadily  into  his  face,  he  was  suddenly  seized  with 
severe  pain  in  the  left  side"  of  the  head,  eyes,  and  face.  At  first, 
the  sensation  was  as  if  the  face  were  frost-bitten.  The  pain 
then  became  of  a  dull  throbbing  character,  and  continued  so  for 
five  weeks.  He  put  himself  under  the  care  of  a  local  practitioner, 
who  prescribed  iodide  of  potassium  and  a  blister.  Some  time 
after,  on  a  similar  exposure  again  taking  place,  the  right  side  of 
the  face  became  affected  in  the  same  manner,  but  the  pain  was 
not  so  severe,  and  the  attack  did  not  last  so  long  as  the  first. 
"When  the  pain  was  quite  gone,  the  corneas  of  both  eyes  became 
covered  with  thick  opacities,  and  the  patient  completely  lost  his 
sight  on  the  right  side,  while  on  the  left  he  could  still  faintly 
distinguish  light  and  objects  at  a  short  distance.  The  power  of 
mastication  also  became  completely  lost,  and  the  skin  and 
mucous  membranes  of  the  face  quite  numb.  He  then  went  to 
Sydney,  where  he  was  admitted  into  the  hospital,  in  which  he 
remained  five  months.  The  surgeon  under  whose  care  he  was 
there,  ordered  the  eyes  to  be  strapped  up,  probably  with  the 
intention  of  preventing  perforation  of  the  cornese  (Snellen).  As 
time  went  on,  some  of  the  symptoms  were  rather  improved,  but 
as  he  was  still  incapacitated  from  doing  any  work,  he  came  to 
England,  and  placed  himself  under  m}'  care. 

I  first  saw  the  patient  on  April  21,  1868,  when  I  found  him  in 
the  following  condition : 

His  intellect  and  memory  were  in  no  way  impaired.  He  was 
able  to  fix  his  attention  on  subjects  quite  as  well  as  previous  to 
this  afiection ;  indeed,  he  complained  much  of  the  idleness 
caused  by  the  loss  of  sight.  This  made  him  occasionally 
irritable  and  low-spirited.  There  was  a  peculiarly  hard,  almost 
statuesque  expression  of  the  "features,  which  was  due  partly  to  a 
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slight  cedematoiis  effusion  into  the  cellular  tissue  of  the  face,  and 
partly  to  the  complete  loss  of  muscular  sensibility. 

On  applying  faradism  by  moistened  conductors  to  the  muscles 
of  the  face,  these  responded  readily  by  contraction  to  the  electric 
stimulus ;  but  there  was  a  complete  absence  of  that  peculiar 
sensation  which  in  a  healthy  person  always  accompanies  electro- 
muscular  contractions,  and  which  is  caused  by  the  stimulation  of 
the  sentient  nerve-fibres  which  are  distributed  in  the  muscular 
substance.  This  latter  was  in  no  way  affected,  showing  that  the 
morbid  influence  had  not  reached  the  portio  dura.  All  the 
varieties  of  physiognomical  expression  could  be  produced 
at  will,  but  the  effect  made  was  more  like  that  of  an  autom- 
aton than  the  natural  appearance  of  sentient  and  animated 
features. 

The  sense  of  smell  was  quite  normal,  and  had  never  been  im- 
paii'ed.  On  applying  a  sufficiently  powerful  continuous  galvanic 
current  to  the  mucous  membrane  of  the  nose,  a  decided  phos- 
phorous smell  was  perceived  by  the  patient. 

Vision  was  obstructed  by  thick  leucoma  of  both  corner,  but 
the  optic  nerve  was  not  affected.  Indeed,  the  patient  was  able 
not  only  to  distinguish  light  and  shade  with  both ,  eyes,  but  he 
could  also  see  near  objects,  and  read  single  letters  of  l^o.  20 
(8-line  roman)  of  Jeeger's  test-types  with  the  left  eye,  where  the 
leucoma  was  not  so  thick  as  in  the  right.  He  was,  however, 
quite  unable  to  guide  himself  in  the  streets.  He  suffered  a  great 
deal  from  photophobia,  and  had  to  wear  an  eye-shade.  This 
was  a  remarkable  circumstance,  as,  in  consequence  of  the  leucoma 
of  both  cornese,  ouly  very  little  Hght  could  penetrate  to  the 
retina. 

Mr.  Soelberg  "Wells  was  kind  enough  to  make  a  careful 
opthalmoscopic  examination  of  the  fundus  of  the  eye,  and  fur- 
nished me  with  the  following  report  of  the  appearances  noticed 
by  him : — 

'In  both  eyes  the  pupils  became  well  dilated  under  atropine. 
In  the  right  there  are  very  delicate,  threadlike  adhesions  between 
the  edge  of  the  pupil  and  the  leucomatous  portion  of  the  coraea. 
In  the  left  eye  there  are  sKght  remnants  of  uveal  pigment  on  the 
central  portion  of  the  anterior  capsule,  indicating  that  a  slight 
iritis  had  formerly  existed.  The  lens  and  vitreous  humour  are 
clear,  and  the  background  of  the  eye  quite  normal.  In  the  right 
eye,  on  account  of  the  dense  central  leucoma,  the  optic  disc  could 
be  only  imperfectly  seen,  but  in  the  left  eye  it  was  quite  visible.' 

L 
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The  motor  nerves  of  the  eye  were  in  their  normal  condition, 
there  being  neither  ptosis  nor  strabismus  nor  double  vision,  and 
all  movements  of  the  eye,  upwards,  downwards,  and  laterally, 
being  easy  of  execution. 

The  pupils  were  rather  constricted,  and  were  only  very  slightly 
influenced  by  variations  of  light  and  shade. 

In  describing  the  condition  of  the  fifth  nerve,  I  shall  speak, 

1st.  Of  the  skin  of  the  face  and  scalp  ; 

2nd.  Of  the  mucous  membranes  of  the  eyes,  nose,  and  mouth  ; 
and 

3rd.  Of  the  muscles  of  mastication. 

1st.  The  common  sensation  of  the  face  and  scalp  was  entirely 
lost  in  both  sides,  the  limit  of  the  anesthesia  being  vertically  a 
line  running  one  sixth  part  of  an  inch  inwards  from  the  horizontal 
and  ascending  branches  of  the  lower  jaw ;  and  horizontally  a 
line  drawn  from  the  tragus  of  one  ear,  right  across  the  skull,  to 
the  tragus  of  the  other  ear.  All  the  parts  comprised  between 
these  lines,  including  the  temples,  forehead,  nose,  cheeks,  and 
chin,  had  lost  their  sensibility.  As  regards  the  ear,  the  tragus 
was  anassthetic,  and  part  of  the  external  meatus  benumbed, 
while  the  concha  was  perfectly  sensible.  In  like  manner,  the 
skin  of  the  back  part  of  the  skull,  and  the  skin  of  the  neck,  had 
preserved  their  ordinary  sensibility.  In  the  ansesthetic  parts  of 
the  face  and  scalp  just  alluded  to,  neither  pricking  nor  pinching 
nor  any  other  mechanical  irritation  was  in  the  least  degree  per- 
ceived by  the  patient.  Faradisation  by  dry  conductors  did  not 
produce  any  sensation,  even  when  a  powerful  current  was  used. 
On  applying  to  the  face  the  continuous  current  of  ten  cells  of 
Daniell's  battery,  which  deflected  the  needle  of  the  galvanometer 
to  an  angle  of  thirty-five  degrees,  and  which,  in  a  healthy  person 
experimented  upon  at  the  same  time,  caused  not  only  a  feehng 
of  heat  and  pricking  in  those  parts  of  the  skin  to  which  the 
electrodes  were  applied,  but  also  a  sensation  of  taste  on  the 
tongue,  and  a  flash  of  Hght,  chiefly  on  breaking  the  circuit,  no 
physiological  efiect  whatever  was  produced  in  the  patient.  On 
using  a  current  of  twenty  cells  of  the  same  battery,  which  de- 
flected the  galvanometer  to  an  angle  of  fifty  degrees,  and  in  a 
healthy  person  caused  contractions  of  the  muscles  of  the  face, 
both  at  the  entrance  and  the  cessation  of  the  current,  together 
with  strong  pricking  and  heat,  vivid  flashes  of  light,  giddiness, 
and  strong  galvanic  taste,  no  sensation  was  produced  in  the 
patient,  but   the   facial   muscles   responded   readily,    chiefly  on 
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making  the  circuit.  On  further  increasing  the  power  of  the 
current  to  thirty  cells,  which  deflected  the  galvanometer  to  an 
angle  of  seventy-two  degrees,  and  in  a  healthy  person  caused 
the  perception  of  dazzHng  flashes  of  light,  a  hissing  noise,  a  phos- 
phorous smell,  and  such  powerful  feelings  of  heat,  giddiness 
and  sickness  as  to  be  unbearable  for  more  than  a  second,  the 
patient  perceived  a  slight  sensation  of  warmth  and  pricking,  a 
slight  coppery  taste,  a  slight  phosphorous  smell,  andshghfc  giddi- 
ness. These  sensations  had  much  the  same  degree  of  intensity 
wherever  the  poles  were  applied. 

The  sense  of  temperature  was  completely  absent,  for  neither 
intense  cold,  as  caused  by  the  application  of  ether-spray  or  ice,  nor 
heat,  caused  the  least  sensation.  This  had  been  so  from  the 
commencement  of  the  affection ;  and  the  patient  had  several 
times,  on  lighting  a  pipe,  accidentally  scorched  his  face  without 
being  aware  of  it  at  the  time. 

The  sense  of  touch  was  entirely  gone  ;  for  neither  of  the  two 
points  of  the  eesthesiometer  was  perceived  by  the  patient.  Nov 
was  the  sense  of  locality  preserved,  for  the  patient  could  not  tell 
where  he  was  touched  or  pinched. 

2nd,     The  Mucous  Memhmnes  of  the  Eyes,  Nose,  and  Mouth. 

a.  The  conjunctiva  of  both  eye  and  eyehd  was  completely 
ansesthetic  on  both  sides,  and  could  be  touched  by  the  finder,  and 
blunt  and  sharp  instruments,  without  exciting  reflex  movements 
or  lachrymation.  The  patient  stated  that  when  he  washed  his 
face  he  always  kept  the  eyes  open,  and  never  felt  the  contact  of 
either  water  or  soap. 

The  secretion  of  the  lachrymal  gland  appeared  to  have  totally 
ceased  ;  and  the  application  of  substances  which  generally  excite 
a  flow  of  tears,  such  as  ammonia  and  mustard,  had  no  such  effect. 
There  was,  however,  pathological  hypersecretion  of  conjunctival 
mucus,  by  means  of  which  the  eye  was  kept  moist.  Indeed,  the 
cornea  appeared  covered  with  streaks  and  shreds  of  mucus-, 
which  gave  a  death-like  appearance  to  the  eyes.  This  mucu3 
was  most  probably  secreted  by  the  mucous  follicles  first  described 
by  Prof.  Krause,  and  which  are  situated  below  the  conjunctiva, 
where  this  membrane  is  reflected  from  the  eyeball  upon  the 
eyelid. 

h.  The  mucous  m.embrane  of  the  nose  was  quite  insensible  to 
the  touch  of  blunt  or  sharp  instruments,  and  no  sneezing 
followed  the  application  of  snuff.  There  was,  however,  an 
abundant  secretion  of  mucus,  which  had  at  one  time  been  so 
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excessive  that  thick  scabs'^were  continually  forming  in  the  nose 
This  mucus  was  of  so  acrid  a  nature  that  on  running  down  to  the 
lip  it  made  the  skin  of  the  sulcus  naso-lahialis,  and  part  of  the 
lip  beyond  the  sulcus  on  both  sides,  very  sore,  and  caused  the 
moustache  to  fall  out  there.  Otherwise,  the  beard  and  hair 
were  in  perfect  condition,  from  which  it  appears  that  the  gnDwth 
of  hair  is  not  under  the  direct  influence  of  the  fifth  nerve.  That 
part  of  the  upper  lip,  where  the  acrid  secretion  from  the  nose 
used  to  run,  was  quite  white,  and  looked  like  a  scar  from  burning, 
or  from  the  application  of  sulphuric  acid.  At  one  time  the  nose 
used  to  bleed  readily  when  slightly  touched,  but  it  had  not  done 
so  lately.     The  reaction  of  the  nasal  mucus  was  neutral. 

c.  The  mucous  membrane  of  the  mouth  was  also  completely 
anassthetic,  as  far  as  the  gums,  the  tongue,  the  inner  surface  of 
the  cheeks,  and  the  hard  palate  were  concerned.  The  tongue 
presented  a  most  frightful  spectacle,  having  been  severely  bitten 
and  lacerated  in  every  direction  during  the  act  of  taking  food,  the 
patient  being  entirely  unconscious  of  his  biting  the  tongue 
whenever  he  did  so.  Some  parts  of  the  inner  surface  of  the 
cheeks  had  also  been  bitten,  and  were  badly  ulcerated.  The 
secretion  of  buccal  mucus  was  so  excessive  as  to  oblige  the 
patient  to  have  a  pocket-handkerchief  constantly  applied  to  the 
ruouth,  in  order  to  prevent  the  liquid  from  running  down,  the 
chin.  The  lips  appeared  covered  with  a  sort  of  froth,  such  as  we 
see  in  a  patient  who  has  just  come  out  of  an  epileptic  attack. 
Both  corners  of  the  mouth  were  very  sore,  being  macerated  by 
the  constant  flow  of  mucus.  The  reaction  of  the  liquid  was 
slightly  alkaline. 

The  insensibility  of  the  gums  was  so  complete,  that  on  one 
occasion,  when  the  patient  had  a  tooth  drawn,  he  felt  nothing  of 
the  operation.     The  remaining  teeth  were  perfectly  healthy. 

The  sense  of  taste  was  not  lost,  for  the  patient  tasted  sugar, 
quinine,  and  salt  on  the  front  as  well  as  on  the  back  part  of  the 
tongue ;  yet  in  the  anterior  portion  of  the  organ  the  perception 
of  taste  seemed  to  have  lost  its  quickness,  for  while,  on  my 
applying  sapid  substances  to  the  posterior  part  of  it,  the  patient 
would  at  once  exclaim  '  sweet,'  '  bitter,'  '  salt,'  he  took  about  five 
or  six  seconds,  on  the  front  part  of  the  tongue,  to  describe  the  taste, 
but  he  never  made  a  single  mistake  there.  He  also  perceived 
the  galvanic  taste  of  five  cells  of  Daniell's  battery,  if  directly 
applied  to  the  tongue. 

ord.  The  Muscles  of  Mastication. — The  muscles  of  mastication, 
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whicli  are  animated  by  the  minor  portion  of  the  fifth  nerve,  had 
not  escaped  the  pathological  influence.  At  one  time  the  tem- 
poral and  masseter  muscles,  which  move  the  jaw  upwards,  were 
completely  paralysed,  so  that  it  dropped,  as  in  a  dead  body,  and 
the  mouth  was  always  open.  Both  pterygoid  muscles  being  also 
completely  paralysed,  mastication  was  rendered  impossible ;  and 
the  patient  never  masticated  the  food  he  took  for  sixteen 
months  consecutively.  He  was  therefore  obliged  when  taking 
solid  food  to  have  it  minced,  and  then  bolt  it.  Curiously 
enough,  digestion  had  never  suffered  in  consequence  of  the 
want  of  mastication,  which  I  think  must  be  explained  by  the 
circumstance  that  a  thorough  moistening  and  soaking  of  the 
food  taken,  with  a  slightly  alkaline  liquid,  went  on  at  least  as 
copiously  as  it  could  have  done  before,  through  the  patholo- 
gical hyper-secretion  of  buccal  mucus,  to  which  I  have  already 
alluded,  and  which  therefore,  in  this  case,  seemed  to  exercise  a 
kind  of  compensating  influence. 

For  several  months  previous  to  the  patient's  coming  under  my 
care,  the  voluntary  power  had  gradually  returned  in  the  tem- 
poral and  masseter  muscles,  so  that  the  mouth  could  be  closed, 
and  the  vertical  movements  of  mastication  were  well  carried  out. 
The  pterygoid  muscles,  however,  remained  paralysed,  which 
rendered  the  lateral  movements  of  the  jaw  impossible.  He  had 
also  great  difiQ.culty  in  putting  out  his  tongue. 

Other  muscles,  animated  by  the  minor  portion  of  the  trifacial 
nerve,  are  the  mylohyoid,  the  digastricus  anticus,  the  tensor 
palati  mollis,  and  the  tensor  tympani.  As  regards  the  three 
first  named,  no  morbid  symptoms  could  be  discovered  showing 
that  they  were  paralysed.  The  position  and  function  of  the  soft 
palate  were  in  no  way  altered,  which  is  probably  due  to  the 
circumstance  that  the  tensor  palati  mollis  receives  nervous  in- 
fluence not  only  from  the  minor  portion  of  the  trifacial,  but  also 
from  the  pneumogastric  and  the  accessory  nerve. 

The  patient  complained  of  a  continuous  rushing  noise  in  the 
head,  which  he  compared  to  that  made  by  the  paddle-wheel  of 
a  steam-boat.  It  would  be  difiicult  to  say  whether  this  symptom 
was  due  to  paralysis  of  the  motor  fibres  animating  the  tensor 
tympani  muscle,  or  to  anesthesia  of  the  sentient  petrosus  super- 
ficialis  minor  nerve,  which  proceeds  from  the  ganglion  oticum 
to  the  tympanic  plexus  of  nerves. 

The  sense  of  hearing  was  perfectly  normal. 
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The  speech,  was  rather  thick  and  indistinct,  in  consequence 
of  the  lacerated  condition  of  the  tongue,  but  not  from  any  affec- 
tion of  the  hypoglossus  nerve. 

All  the  remaining  parts  of  the  nervous .  system  were  in  good 
condition ;  nor  was  there  any  disorder  of  the  chest,  stomach, 
liver,  bowels,  skin,  or  genito-urinary  organs. 

There  was  no  history  of  scrofula  or  syphilis. 

Such  being  the  condition  of  the  patient,  no  real  difficulty 
could  be  experienced  in  determining  the  nature  and  exact 
seat  of  the  pathological  lesion.  The  patient  had  evidently 
suffered  from  rheumatic  inflammation  of  the  neurilemma,  first  of 
the  left,  and  afterwards  of  the  right,  trifacial  nerve,  where  it 
emerges  from  between  the  transverse  fibres  of  the  pons  Varolii  at 
the  base  of  the  brain.  This  infla,mmation  had  resulted  in ' 
effusion,  and  subsequent  compression  and  atrophy  of  the  nervous 
matter. 

The  affection  had  to  be  traced  to  the  nerve-trunk  at  the  base 
of  the  brain,  and  not  to  any  more  peripheral  part,  because  not  a 
single  fibre  of  the  trifacial  nerve  had  escaped  the  injury.  If  the 
lesion  had  been  more  peripheral — for  instance,  if  it  had  been 
confined  to  the  Grasserian  ganglion — the  muscles  of  mastication 
would  not  have  suffered.  At  the  same  time  it  was  evident  that 
the  disease  could  not  have  spread  to  the  pons  Varolii,  because 
there  was  an  entire  absence  of  all  symptoms  which  occur  in 
disease  of  the  pons.  The  lesion  was  therefore  confined  to  the 
course  of  the  fifth  nerve  between  the  pons  and  the  Gasserian 
ganghon.  As  the  case  did  not  end  fatally  it  was  impossible  to 
verify  the  diagnosis  by  actual  inspection,  which  however  could 
have  added  but  little  to  the  pathology  of  the  case. 

The  treatment  consisted  of  the  systematic  application  of  the 
continuous  galvanic  current  to  the  several  branches  of  the  fifth 
nerve,  the  anode  being  placed  to  the  nape  of  the  neck,  while  the 
cathode  was  passed  along  the  peripheral  ramifications  of  the 
nerve.     'No  medicine  was  given. 

After  this  treatment  had  been  followed  for  about  three  months, 
with  several  interruptions  due  to  extraneous  circumstances,  the 
following  change  had  taken  place  in  the  patient's  condition  : — 
The  symptom  of  photophobia  had  entirely  disappeared.  Indeed 
the  patient  was  able  to  leave  off  wearing  the  eyeshade  after  the 
first  few  applications  of  the  galvanic  current.  The  tinnitus 
aurium  was  likewise  almost  entirely  gone  ;  it  was  only  occasion- 
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ally  slightly  perceived  when  the  patient  was  lying  down  at 
bedtime.  The  opacity  of  the  cornea  was  considerably  less  on  the 
left  side.  The  patient  could  read  No.  10  (pica)  of  Jager's  test- 
types  with  the  left  eye,  while,  when  he  first  came  to  me,  he  could 
with  great  difficulty  make  out  single  letters  of  'No.  20  (8-line 
Roman).  On  the  right  side  the  improvement  was  likewise 
satisfactory,  as  the  patient  could  read  single  letters  of  No.  20  with 
that  eye.  When  I  first  saw  him  he  was  obliged  to  be  led  by 
another  person  ;  but  now  he  was  able  to  guide  himself  in  the 
streets,  and  to  read  the  street  names  at  the  street  corners  and  the 
signboards  of  shops.  Common  sensation  had  to  a  great  extent 
returned  in  the  left  side  of  the  forehead,  the  right  cheek,  and  the 
chin.  In  the  other  parts  of  the  face  it  was  still  considerably 
impaired.  The  sense  of  locahty  in  both  sides  of  the  face  was  re- 
estabhshed,  for  the  patient  could  tell  distinctly  where  he  was 
touched  or  pinched.  The  sense  of  temperature  had  come  back 
to  some  extent,  for  the  patient  was  able  to  distinguish  between 
heat  and  cold,  although  not  so  keenly  as  previous  to  the  afiection. 
The  sense  of  touch  had  returned  in  the  left  side  of  the  forehead, 
the  right  cheek,  and  part  of  the  chin,  as  shown  by  the  proper 
perception  of  the  two  points  of  the  ^sthesiometer.  The  secretion 
of  tears  and  saliva  had  partially  returned,  while  the  excessive 
secretion  of  mucus  had  been  checked.  The  lips  were  no  longer 
covered  with  froth,  but  quite  dry.  The  lateral  motion  of  the 
muscles  of  mastication  was  nearly  re-established.  The  patient 
could  now  no  longer  bear  thirty  cells  of  the  battery,  which  he  said 
made  him  feel  clrunh  ;  showing  that  the  conduction  of  the  current 
to  the  brain  was  favoured  by  the  re-establishment,  to  some 
extent,  of  the  reflex  function  of  the  fifth  pair  of  nerves.  The 
patient  was,  when  last  seen,  able  to  follow  a  light  occupation. 

Without  entering  at  pi'esent  into  all  the  points  of  interest 
in  physiology  and  pathology  upon  which  the  case  just  related 
is  apt  to  throw  light,  I  will  only  make  a  few  remarks  on  the 
curious  fact  of  the  absence  of  cerebral  symptoms  during  the 
application  of  a  powerful  continuous  current  to  the  head. 
Indeed,  it  was  only  by  increasing  the  power  of  the  current 
to  such  a  degree  as  to  rouse  the  faint  remnant  of  sensibility 
of  the  trifacial  nerve  that  a  slight  feeling  of  giddiness  was 
caused.     Now,  as  the  physical  relations  of  the  skull,  brain, 
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and  blood-vessels  were  in  no  way  altered  in  this  case,  there 
ought  to  have  been  no  alteration  as  regards  the  production 
of  cerebral  symptoms,  if  the  current  only  followed  the  way 
of  the  blood-vessels  ;  but  as  there  was  a  decided  diminu- 
tion of  cerebral  reaction,  it  is  satisfactorily  proved  that  the 
transmission  of  the  continuous  galvanic  current  to  the  brain 
is  effected  not  only  physically,  but  also  physiologically,  by 
nervous  action. 

Ziemssen^  has  objected  to  my  argument,  that  it  had  not 
been  shown  whether  the  galvanic  response  of  the  brain  was 
improved  simultaneously  with  the  improvement  of  the  sensi- 
bility of  the  trigeminal  nerve.  I  had  indeed,  in  my  first 
description  of  this  case,  not  laid  sufficient  stress  upon  that 
circumstance.  From  the  foregoing,  however,  it  will  be  seen 
that  the  cerebral  response  was  improved  si'multaneously 
with  the  function  of  the  trifacial ;  as  after  the  patient  had 
been  under  treatment  for  some  time,  he  said  that  thirty  cells 
of  the  battery,  which  at  first  had  no  effect  at  all,  made  him 
feel  drunk,  and  that  he  could  not  bear  the  sensation.  Ziems- 
sen's  objection,  therefore,  cannot  be  considered  valid. 

Although  the  induced  current  may  penetrate  to  the  brain, 
it  seems  to  exert  only  little  influence  on  it,  just  as  on  the 
retina  and  the  other  organs  of  special  sense.  If  applied  to 
the  temples  it  causes  pain  and  muscular  contractions,  but  no 
giddiness  or  sensations  of  light,  except  in  persons  who  are 
unusually  sensitive  to  all  forms  of  electricity. 


II.— ACTION  OF  ELECTPJCITY   UPON  THE  SPINAL 
CORD. 

The  question  whether  faradisation  or  galvanisation  of  the 
spinal  cord  in  animals  produces  movements  of  the  corre- 

*Die  Elektricitat  in  der  Medicin,  vierte  Auflage,  Berlin,  1872,  p.  140. 
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spending  muscles  of  the  extremities,  has  until  lately  been 
an  open  one.  Some  physiologists  have  attributed  motor 
electric  excitability  to  the  anterior  columns  of  the  cord, 
while  others  have  considered  the  contractions  observed  as 
owing  to  irritation  of  the  posterior  roots  of  the  spinal 
nerves. 

Prof.  Weber, ^  who  was  the  first  to  investigate  this  subject 
experimentally,  found  that  when  one  electrode  of  an  induc- 
tion apparatus  was  directed  to  the  upper,  and  the  other  one 
to  the  lower  extremity  of  the  cord,  all  the  muscles  of  the 
trunk  and  of  the  extremities  were  thrown  into  tetanic  con- 
vulsions. The  same  occurred  if  one  electrode  was  placed  to 
the  anterior,  and  the  other  one  to  the  posterior,  surface  of 
the  upper  portion  of  the  cord ;  and  likewise  when  both  elec- 
trodes were  applied  to  its  lower  portion,  provided  that  the 
integrity  of  the  organ  had  not  been  destroyed.  Hence  he 
concluded  that  the  cord  is  the  nervous  centre,  for  all  the 
muscles  of  the  trunk  and  the  extremities  ;  for  if  it  were  only 
the  common  trunk  of  all  the  motor  nerves  emerging  from 
the  vertebral  canal,  faradisation  of  the  lower  portion  of  the 
organ  would  only  produce  convulsions  of  the  hind-legs,  but 
not  of  all  four  extremities.  When  the  cord  was  divided  in 
the  middle,  and  its  lower  half  submitted  to  the  faradic 
stimulus,  only  the  muscles  of  the  hind-legs  were  seen  to 
enter  into  contraction  ;  and  if  both  parts  of  the  cord  were 
made  to  touch  one  another  closely  at  those  points  where  the 
section  had  been  made,  so  that  there  could  be  no  impediment 
to  the  passage  of  the  current  to  the  upper  portion,  the 
muscles  of  the  upper  extremities  nevertheless  remained  per- 
fectly quiet.  From  this  Weber  inferred  that  the  convulsions 
described  were  not  produced  because  the  electric  current  was 
transmitted  from  the  cord  to  the  motor  nerves,  but  because 

'  Loc.  cit. 
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the  passage  of  the  current  excited  the  action  proper  of  the 
organ,  which  in  its  turn  excited  the  property  of  the  motor 
nerves  to  produce  commotions  of  the  muscles.  He  also  ob- 
served that  the  tetanic  convulsions  produced  in  the  extremi- 
ties by  the  same  means  continued  for  some  time,  say  half  a 
minute,  after  the  cessation  of  the  current ;  while,  if  the  an- 
terior roots,  or  the  mixed  nerves  were  excited,  the  contrac- 
tions disappeared  immediately  after  the  circuit  had  been 
broken. 

Inhibitory  effects. — Gralvanisation  of  the  spinal  cord  pro- 
duces convulsions  of  the  extremities  on  making  the  circuit 
of  the  voltaic  battery ;  but  if  the  current  continue  to 
traverse  the  cord,  an  inhibitory  effect  is  caused,  whatever 
may  be  the  point  to  which  the  electrodes  are  directed.  As  long 
as  the  cord  is  traversed  by  the  current,  it  remains  insensible 
to  a  stimulus  which  may  be  applied  to  it.  Thus  we  may 
prick  the  cord  by  a  pin  or  excite  it  by  an  induced  current, 
and  the  extremities  will  nevertheless  remain  quiet ;  but  on 
breaking  the  circuit,  mechanical  or  electrical  excitation  of 
the  cord  will  again  give  rise  to  tetanic  convulsions  of  the 
limbs.  It  was  first  pointed  out  by  Baierlacher  ^  that  this 
diminution  of  excitability  is  confined  to  the  spinal  cord,  and 
does  not  extend  to  the  motor  nerves  and  muscles ;  for  if  an 
induced  current  be  applied  to  the  motor  nerves  of  the 
hind-legs,  the  cord  being  at  the  same  time  traversed  by  the 
continuous  current,  those  muscles  are  seen  to  contract  the 
nerves  of  which  are  submitted  to  faradisation.  The  inverse 
continuous  current  appears  to  have  a  more  powerful  inhibi- 
tory effect  on  the  spinal  cord  than  the  direct  current. 

Onimus  and  Legros,^  although  agreeing  with  some  of  these 
conclusions,  have  come  in  the  main  to  somewhat  different 
results,  especially  as  far  as  the  direction  of  the  current  used 

•  Die  Inductions-Elektricitat.     Niirnberg,  1857,  p.  102. 

*  M^moires  de  la  Societe  de  Biologie.   Paris,  mai  1868. 
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is  concerned.  They  attribute  inhibitory  effects  only  to  the 
direct  or  centrifugal  current,  and  say  that  if  the  anode  be 
placed  to  the  upper,  and  the  cathode  to  the  lower  portion  of 
the  cord,  the  hind-legs  of  frogs,  rats,  or  guinea-pigs,  may  be 
irritated  in  any  manner,  yet  no  reflex  action  will  take  place 
as  long  as  galvanisation  of  the  cord  is  continued.  Again,  if 
the  anode  be  directed  to  the  upper  portion  of  the  cord,  and 
the  cathode  to  one  of  the  hind-legs,  no  reflex  contraction 
can  be  caused  in  the  galvanised  limb,  although  they  may  be 
brought  about  in  the  other  hind-leg  which  is  not  galvanised. 
When  galvanisation  is  discontinued,  the  reflex  movements 
re-appear,  but  are  not  so  powerful  at  first  as  they  were  before 
the  experiment.  The  inverse  or  ascending  current  applied 
to  the  cord,  on  the  contrary,  generally  causes  a  series  of  con- 
tractions in  the  hind-legs,  and  even  augments  reflex  action. 
These  contractions  are  all  the  stronger  if  the  excitability  of 
the  sentient  nerves  and  of  the  spinal  centre  be  great ;  and 
they  nearly  cease  when  the  sentient  nerves,  or  the  cord,  have 
lost  their  excitability. 

Van  Deen,  Schiff,  and  other  physiologists,  contend  that  the 
substance  of  the  cord  itself  does  not  respond  at  all  to  the 
electric  stimulus,  and  that  if  convulsions  are  observed  in 
consequence  of  such  an  application,  this  is  due  to  the 
propagation  of  the  electricity  to  the  posterior  roots  of  the 
spinal  nerves.  Engelken  and  Fick,  however,  support  Weber's 
assertions.  Wislocky  found  that  faradisation  of  the  upper 
portion  of  the  cord  caused  tetanic  contractions  of  the  lower 
extremities  only  if  part  of  the  current  was  diverted  to  the 
roots  of  the  lower  spinal  nerves. 

S.  Mayer,^  has  observed  that  gentle  faradisation  of  the 
cervical  portion  of  the  cord  in  frogs,  which  were  highly 
excitable  at  the  time,  caused  '  orderly  movements '  of  the 

'  Pfliiger's  Archiv  fur  Physiologie,  1869,  Hefti.  p.  166. 
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lower  extremities ;  and  these  movements  were  more  easily 
produced  by  faradisation  of  the  posterior  than  of  the  anterior 
columns.      The    difference   appeared  more  striking  in  the 
upper  enlargement  of  the  cord.     After  the  posterior  columns 
had   been  carefully  removed,  no  further  movements  took 
place  ;  but  if  the  cord  was   divided  into  an  anterior   and 
posterior  half,  both  of  which  were  connected  just  above  the 
origin  of  the  sciatic  nerve,  faradisation   of  the  posterior  half 
was  effective,   and  of  the  anterior  half   ineffective.     The 
same  power  of  current  which  caused  movements  if  applied 
to  the  cord  itself,  produced  them  if  appKed  to  the  posterior 
roots,  or  the  brachial   plexus.      These    observations   would 
seem  to  point  to  the  conclusion  that  the  movements  which 
have  been  observed  after  faradisation  of  the  cord  are  only 
reflectory,  and  caused  by  the  stimulation  being  transferred 
to   the   posterior   roots.     Fick,'  in  his   latest   publication, 
however,  maintains  his  previous  statement  that  the  anterior 
columns  of  the  cord  are  excitable  to  faradisation,  although 
not  to  mechanical  injury.     In  his  experiments  the  posterior 
roots,  and  all  parts  directly  connected  with  the  same,  were 
removed,    so   as   to    exclude   reflex    action    altogether.     S. 
Mayer   having   expressed    the  suspicion  that   parts  of  the 
posterior  roots,  including  the  reflectory  portions  of  the  cord, 
might  yet  have  been  present  in  Fick's  experiments,  and  that 
the  contractions  seen  by  him  were  therefore  ordinary  reflex 
movements,  Fick  requested  Von  Kecklinghausen  ^  to  make  a 
microscopic  examination  of  those  portions  of  the  cord  which 
had  been  previously  faradised,  and  given  rise  to  movements  ; 
but  no  trace  of  fibres   of  the  posterior  roots   could  be   dis- 
covered in  them.     The  circumstance  that  mechanical  injury 
does  not  cause  such  movements,  is  explained  by  Fick  in  the 
following    manner: — The    motor    fibres    of    the    anterior 

'  Pfiiiger's  Archiv,  1873,  p,  216. 
*  Ibidem,  toI.  ii.  p.  416. 
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columns  are  not  so  immediately  connected  with  the  muscles 
as  the  peripheral  motor  fibres,  since  they  are  first  connected 
with  the  ganglion  cells  of  the  grey  matter,  and  only  thence 
with  the  peripheral  nerves.  Before,  therefore,  the  stimulus 
is  transmitted  to  the  anterior  roots,  it  has  become  enfeebled 
by  dispersion.  Mechanical  injury  is  a  feeble  stimulus  when 
compared  to  faradisation,  so  that  it  cannot  penetrate  from  the 
anterior  columns  to  the  muscles.  Moreover  Setschenow  has 
proved  that  the  anterior  columns  contain  inhibitory  fibres  ; 
so  that  any  stimulus  affecting  the  anterior  columns  must 
act  not  only  on  the  motor,  but  also  on  the  inhibitory  fibres, 
and  therefore  inhibit  to  some  extent  its  transmission  to  the 
peripheral  nerves  of  the  muscles. 

Budge  and  Waller  have  observed  that  the  pupil  becomes 
dilated  by  faradisation  of  that  portion  of  the  cord  which  is 
situated  between  the  seventh  cervical  and  the  sixth  dorsal 
vertebrge  ;  and  they  have  therefore  termed  this  territory  the 
cilio-spinal  region.  From  this  part  of  the  cord  the  excita- 
tion is  transmitted  to  the  cervical  sympathetic  nerve,  which 
takes  its  rise  from  it,  and  which  animates  the  radiating  fibres 
of  the  iris  (musculus  dilatator).  These  fibres  contract 
energetically,  if  the  cervical  sympathetic  nerve  be  faradised, 
and  counterbalance  the  action  of  the  circular  fibres  of  the 
iris  (musculus  constrictor) ;  thus  dilatation  of  the  pupil  is 
produced.  After  the  section  of  the  sympathetic  nerve  the 
pupil  becomes  constricted,  as  by  such  an  operation  the 
radiating  fibres  of  the  iris  are  paralysed,  while  the  circular 
fibres  remain  in  their  normal  connection  with  the  nerves. 

Budge  *  has  discovered  a  similar  centre  in  that  portion  of 
the  spinal  cord  which  corresponds  to  the  fourth  lumbar 
vertebra.  By  faradisation  of  the  same,  powerful  contrac- 
tions  of  the  vasa   deferentia,  the   bladder,  and   the   lower 

1  Viichow's  ArcMv,  1859,  p.  ]15. 


158  ZIZCI20-PET5I0L0C-T  chap.  n. 

portion  of  the  rectnin  are  caused.  The  same  effects  are 
produced  by  stLoiiilatiiig  a  small  ganglion  situated  in  the 
neighbonrliood  of  the  fifth  lumbar  vertebra-  and  which 
receires  branches  from  the  third  and  fourth  lumbar  nerves. 
This  gang-lion  Budge  has  called  the  genito-spinal  ganglion. 
The  section  of  the  sympathetic  on  one  side  does  not  alto- 
gether prevent  the  effects  of  faradisation  of  the  ganglion  of 
the  same  side,  although  it  considerably  diminishes  them. 
That  any  effect  at  all  is  produced  under  these  circumstances. 
is  due  to  the  feradic  stimulus  being  propagated  by  means  of 
the  connecting  branches  between  the  nerves  of  both  sides. 

We  have  already  seen  (p.  73;  that  the  spinal  cord  is  tra- 
velled by  portions  of  the  galvanic  current  when  this  is 
applied  externally  to  the  spine.  Apart  from  the  purely 
experimental  proof,  however,  we  have  pathological  evidence 
for  this  in  the  progress  of  spinal  disease  under  the  influence 
of  the  constant  current,  and  which  will  be  described  in  the 
fiffh  chapter.  Indications  that  the  current  penetrates  to  the 
cord  itself  are  likewise  famished  by  the  circumstance  that 
not  unfrequently  sensations  of  tingling  and  heat  are  per- 
ceived in  the  legs  and  feet  when  the  spine  is  galvanised, 
more  especially  when  the  cathode  is  placed  to  the  Itunbar 
vertebrae  TBrenner).  Contractions  of  the  muscles  animated 
by  the  sciatic  nerve,  may  be  caused  by  a  similar  arrange- 
ment, with  the  aid  of  voltaic  alternatives. 

in.  ACTIOX  OF  ELZCTEICITT  rPOX   THE  CEEVICAL 
STAIPATEETIC   yZETi:. 

1.  ExperirrLenU  on  Ardrruih. 

a,  Yo/ra/lASoXion. — The  fi^t  observations  on  the  phy- 
siology of  the  sympathetic  were  made  by  Pourfour  du  Petit, 
in  1727  ;  and  the  first  electrical  experiments  on  it  by  M. 
Biffi,  of  !Milan,  in  1846.     The  latter  physiologist  found  that, 
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when  the  pnpil  had  become  constricted  after  section  of  the 
sympathetic,  it  became  dilated  on  farad i sing  the  cephalic  end 
of  the  nerve.  Dnpnv.  Breschet,  and  Dr.  John  Eeid.  like-Rise 
contributed  their  mite  to  the  elucidation  of  this  subject ; 
but  all  these  experiments  were  only  the  feeble  forerunner? 
of  the  important  researches  of  Claude  Bernard,*  who  may 
be  said  to  have  laid  the  foundation  of  the  physiology  of  the 
sympathetic,  in  1852.  Since  then  "Waller.  Budge,  Schiff, 
Brown-Sequard,  and  many  other  physiologists,  have  added 
something  to  our  stock  of  knowledge ;  yet,  the  attempt 
which  has  recently  been  made  to  deprive  Bernard  of  the 
credit  that  really  belongs  to  him  alone  as  far  as  this  subject 
is  concerned,  is  not  only  extremely  ungracious,  but  also 
entirely  unsupported  by  the  facts  of  the  case. 

Bernard  has  shown  that  section  and  faradisation  of  the 
cervical  sympathetic  have  altogether  contrary  effects. 

After  section  of  the  nerve,  the  muscles  of  the  eye,  the 
angle  of  the  mouth,  and  the  nostril,  are  contracted ;  the 
ear  is  kept  erect :  the  quantity  of  blood  in  the  ear  and  in 
the  whole  corresponding  side  of  the  head  is  notably  increased ; 
the  arteries  are  fuller,  and  seem  to  beat  with  more  power ; 
the  temperature  is  augmented,  in  some  instances  by  1 1°  or 
12"  F. :  sensibility  is  increased ;  after  the  death  of  the 
animal  sensibility  and  reflex  function  last  longer  than  on  the 
other  side ;  perspiration,  lachrymation,  and  the  secretion  of 
cerumen  are  increased :  the  colour  of  the  venous  blood  is 
changed ;  poisonous  and  other  substances,  which  are  de- 
posited in  equal  quantities  on  both  sides,  in  the  subcutaneous 
oeUidar  tissue  of  the  face,  or  at  the  base  of  the  ear.  are 
more  rapidly  absorbed  on  that  side  where  the  section  has 

•  Siir  rinfluenee  du  nerf  grand  sympathique  sm  la  chaleur  animale. 
in  Comptes  rendns.  etc..  29  mars  1S52  ;  also  Comptes  rendus  de  la  Societe  de 
Eiologie,  octobre  et  norembre  1852 ;  and  Lecons  sur  la  Phvisiologie,  etc. 
1S5S,  vol.  i.  p.  469. 
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been  made ;  rigor  mortis  appears  later  and  lasts  longer ; 
putrefaction  commences  later,  and  the  cm-rent  proper  of  the 
muscles  is  stronger  than  the  same  current  on  the  other 
side. 

By  faradising  the  nerve,  all  these  phenomena  are  reversed  ; 
the  pupil  is  dilated ;  the  eyelids  open ;  the  eyeball  protrudes  ; 
the  blood-vessels  contract ;  the  quantity  of  blood  is  dimin- 
ished ;  temperature  and  sensibility  fall  below  the  average ; 
the  conjunctiva  and  cornea  are  dry ;  the  current  proper  of 
the  muscles  is  very  weak  ;  the  excitability  of  the  motor  and 
sentient  nerves  of  the  iris,  and  of  the  muscles,  and  the 
contractility  of  the  arteries,  disappear  sooner  after  death  than 
on  the  other  side ;  and  cadaveric  rigidity  and  putrefaction 
commence  sooner. 

All  the  phenomena  observed  after  section  of  the  sympa- 
thetic are  due  to  a  paralytic  condition  of  the  blood-vessels, 
which  is  the  direct  consequence  of  the  operation,  and  owing 
to  which  more  blood  passes  through  these  vessels  in  a  given 
space  of  time  than  before ;  hence  an  increase  of  the  vital 
properties  of  the  contractile  tissues  and  the  nerves.  This 
condition  is  reversed  by  faradisation,  which  causes  the 
blood-vessels  to  contract,  and  for  the  time  neutralises  the 
paralysis  induced  by  section  of  the  nerve.  Claude  Bernard 
has  also  shown  that  section  and  faradisation  of  the  vaso- 
motor nerves  of  the  extremities  produce  the  same  effects  as 
section  and  faradisation  of  the  cervical  sympathetic. 

Faradisation  of  the  inferior  cervical  ganglion  and  its 
cardiac  branches  accelerates  the  pulse  ;  while  faradisation 
of  the  pneumogastric  arrests  the  action  of  the  heart. 

Faradisation  of  the  central  end  of  the  sympathetic  has  an 
effect  on  salivary  secretion,  which  is  in  apparent  opposition 
to  its  other  effects.  For  while  it  causes,  generally  speaking, 
a  contraction  of  the  blood-vessels,  and  retards  the  secretion 
of  the  lachrymal  and  other  glands,  it  causes  a  fiov/  of  saliva. 
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This  is  not  nearly  as  copious  as  that  which  is  seen  after 
faradisation  of  the  chorda  tympani,  the  lingual  and 
auriculo-temporal  nerves ;  but  it  is  nevertheless  plainly 
perceptible.  That  it  should  occur  in  spite  of  the  contrac- 
tion of  the  blood-vessels,  which  is  caused  by  the  same  pro- 
ceeding, is  accounted  for  by  the  circumstance  that  the  effect 
takes  place  directly  on  the  secreting  cells,  and  not  on  the 
blood-vessels  of  the  salivary  glands ;  for  if  the  condition  of 
the  blood-vessels  had  anything  to  do  with  it,  the  secretion 
should  be  arrested,  not  increased.  An  active  proliferation  of 
the  gland-cells,  however,  takes  place  during  the  irritation  of 
the  nerve,  and  the  saliva  appears  loaded  with  salivary  cor- 
puscles. 

Prussak '  has  made  some  observations  on  the  effects  of 
faradisation  of  the  sympathetic  on  the  blood-vessels  of  the 
tympanum ;  and  found  that  the  arteries  were  at  first  con- 
stricted, but  became  dilated  after  the  irritation  had  ceased  ; 
the  veins  were  dilated  during  the  irritation,  probably  be- 
cause the  arteries  were  emptied ;  and  they  became  con- 
stricted afterwards.  In  these  experiments  he  rendered  the 
tympanum  of  the  dog  visible  by  trephining  the  mastoid 
portion  of  the  temporal  bone,  and  illuminating  the  interior 
by  means  of  a  reflector. 

b.  Galvanisation. — The  effects  of  the  continuous  current 
upon  the  sympathetic,  when  exposed  in  animals,  have  been 
studied  by  Fieber,  who  found  that  when  a  current  of  from 
ten  to  twenty  pairs  of  a  battery  was  directed  to  it,  contrac- 
tions appeared  in  the  interossei,  or  the  muscles  of  the  fore- 
leg, or  leg,  on  one  or  both  sides,  and  which  varied  from  a 
scarcely  perceptible  oscillation  to  violent  choreic  move- 
ments. It  was  generally  necessary  to  continue  the  applica- 
tion for  a  few  minutes,  in  order  to  produce  them  ;  and  they 

'  Sachs,  acad.  Ber.,  1868,  p.  101. 
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mostly  persisted  for  a  short  time  afterwards.  It  is  difficult 
to  believe  that  these  phenomena  could  be  owing  to  isolated 
stimulation  of  the  sympathetic ;  more  likely  they  were 
owing  to  portions  of  the  current  being  derived  from  the 
place  of  application  and  proceeding  to  the  brachial  plexus 
of  nerves. 

Onimus  and  Legros,^  who  have  experimented  with  the 
continuous  current  upon  the  sympathetic  in  animals,  have 
come  to  the  conclusion  that  it  has  just  the  opposite  effect  of 
faradisation ;  for  while  faradisation  contracts  the  blood- 
vessels, and  lowers  the  temperature  of  the  parts  depending 
upon  the  same,  the  continuous  current  augments  circula- 
tion. On  galvanising  the  nerve  which  is  laid  bare  in  the 
neck  of  a  healthy  rabbit,  for  two  minutes,  by  a  current  of 
from  10  to  14  Eemak's  cells,  the  temperature  of  the  ear  is 
half  an  hour  afterwards  found  to  be  74°*  3  on  the  side  where 
nothing  had  been  done,  and  79°  on  the  galvanised  side  ;  an 
hour  afterwards  the  galvanised  side  is  at  81°*  5,  and  the  non- 
galvanised  at  81°.  Again,  the  blood-vessels  of  the  ear  of  a 
rabbit  were  examined  during  the  passage  of  both  currents 
alternately ;  and  through  the  sympathetic  it  was  found  that 
the  faradic  current  contracted  the  arteries,  while  the  con- 
tinuous current  dilated  them,  and  caused  considerable 
vascularity.  This  effect  is  not  owing  to  electrolysis  of  the 
nerve,  and  subsequent  paralysis  of  the  vascular  coats ;  for 
supposing  the  nerve  had  been  destroyed,  and  true  paralysis 
of  the  vaso-motor  nerves  had  been  induced,  the  temperature 
would  have  remained  higher,  while  in  fact,  an  hour  after  the 
experiment,  the  effect  had  almost  entirely  ceased. 

They  likewise  found  that,  although  faradisation  con- 
tracted the  blood-vessels,  yet  after  a  time  this  contraction 
ceased,  and  the  arteries  actually  became  larger  than  they 

>  Traits  d'Electricite  mMicale,  Paris,  1872,  p.  177. 
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had  been  before  the  operation ;  at  the  same  time  the  tem- 
perature, which  had  at  first  been  lowered,  rose  above  the 
normal  standard.  This  increase  of  temperature  they  ex- 
plain by  a  diminution  of  arterial  contractility.  The  con- 
tinuous current,  on  the  other  hand,  renders  circulation  more 
active,  and  re-establishes  it  when  it  has  been  arrested. 

According  to  the  same  observers,  the  direction  of  the 
current  has  a  decisive  influence  on  the  production  of  these 
phenomena.  This  is  shown  by  the  following  experiment : — 
The  frog's  web  is  microscopically  examined  during  the 
action  of  the  current,  and  it  is  seen  that  the  direct  or 
descending  current  does  not  contract  the  arterioles  ;  on  the 
contrary,  the  circulation  is  augmented ;  within  a  few 
moments  the  arteries  have  increased  in  bulk,  and  the  whole 
network  of  capillaries  is  seen  in  great  commotion.  If  now 
the  direction  of  the  current  be  reversed,  so  that  it  passes  in 
the  ascending  direction,  the  arteries  become  constricted; 
less  blood  arrives ;  the  globules  pass  on  very  quickly,  but 
one  by  one,  and  after  some  time  circulation,  although  not 
quite  arrested,  is  much  less  active  than  it  was  before. 
If  now  the  direct  current  be  again  employed,  circulation  is 
once  more  accelerated.  The  diameter  of  an  arteriole,  as 
measured  by  the  micrometer,  was  0*008  before  the  experi- 
ment ;  after  galvanisation  with  a  direct  current,  it  became 
0*01 5;  and  when  the  reverse  current  had  acted,  the  artery 
was  so  constricted  as  to  be  only  0*004  millimetre  in  dia- 
meter. 

Another  experiment  of  Onimus  and  Legros,  showing  the 
effects  of  galvanisation,  is  the  following  : — 

The  cervical  sympathetic  is  laid  bare  in  a  rabbit ;  the  pressure 
of  blood  in  the  carotid  is  taken  by  the  hEemodynamometer,  and 
appears  very  feeble,  the  pulsations  being  scarcely  perceptible.  A 
direct  current  is  then  passed  through  the  sympathetic,  and  the 
pressure  of  blood  becomes  augmented  by  two  centimetres  of 
mercury.      It   remains   at   this    level,   fluctuating  between   an 

M  2 
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elevation  of  one  to  two  centimetres,  during  the  whole  time  the 
current  continues  to  circulate.  At  the  instant  of  breaking  the 
current,  a  slight  rise  takes  place  ;  the  pressure  still  remains  for 
some  time  at  the  higher  level,  and  then  slowly  falls.  The  inverse 
or  ascending  current  causes  at  first  an  augmentation  of  pressure, 
but  gradually  this  descends  by  ^  centimetre,  and  remains  at  that 
lower  level. 

The  effects  of  galvanisation  on  the  tension  of  the  veins  is 
shown  by  the  following  experiment : — 

The  cervical  sympathetic  is  divided  in  the  rabbit  at  the  right 
side.  Forty- five  minutes  afterwards,  the  canula  of  the  h^mody- 
namonieter  is  introduced  into  the  jugular  vein.  The  venous 
tension  appears  to  be  feeble  and  fluctuates  between  30  and  40 
millimetres  of  water.  Galvanisation  of  the  nerve  causes  a  rise 
of  10  to  15  millimetres.  Bach  time  that  the  current  is  broken, 
the  tension  falls,  and  rises  again  regularly  when  the  circuit  is  re- 
established. 

In  a  vigorous  dog,  the  skull  is  trephined,  and  the  sympathetic 
laid  bare.  On  putting  the  positive  electrode  on  the  portion  of 
the  brain  which  is  laid  bare,  the  blood-vessels  are  constricted, 
and  the  brain  is  slightly  depressed.  On  putting  the  anode  on  the 
sympathetic  and  the  cathode  on  the  brain,  injection  of  the  cerebral 
capillaries  is  observed,  and  the  brain  protrudes  outside,  through 
the  opening  of  the  skull. 

Duchenne  ^  has  been  led  to  entirely  dijfferent  results,  and 
considers  that  in  equivalent  doses  (?)  the  continuous  and 
induced  current  have  the  same  effect.  He  found  that  a  con- 
stant currrent  of  15  to  30  cells,  traversing  the  sympathetic 
to  an  extent  of  3  or  4  millimetres  below  the  inferior 
ganglion,  produced  a  feeble  but  plainly  perceptible  con- 
striction of  the  blood-vessels,  and  discolouration  of  the  same 
side,  during  the  whole  time  of  the  experiment.  If  the 
sympathetic,  however,  had  been  previously  strongly  irritated, 
and  if  therefore  its  excitability  was  already  more  or  less 
exhausted,  the  same  continuous  current  produced  no  longer 

'  Examen  critique  des  principales  methodes  d'Electrisation.   Paris,  1870. 
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constriction,  but  dilatation  of  the  blood-vessels  during  the 
whole  time  of  the  experiment.  An  extremely  feeble  induced 
current  caused  feeble  constriction  of  the  vessels  of  the  ear 
in  the  j&rst  half  minute,  but  dilated  them  afterwards.  The 
same  experiment  on  the  sympathetic  of  a  rabbit  which,  an 
hour  before,  had  been  powerfully  faradised  for  three  minutes, 
but  in  which  the  ear  had  resumed  its  normal  vascularisation, 
at  once  dilated  the  blood-vessels. 

Seeing  the  discrepancy  of  results  arrived  at  by  these 
several  observers,  it  appears  to  us  most  desirable  that  the 
influence  of  the  continuous  current  upon  the  cervical  sym 
pathetic  should  be  freshly  investigated  by  competent  and 
unbiassed  experimental  physiologists,  with  special  regard  to 
the  dose  of  electricity  employed,  and  to  the  direction  of  the 
current. 

Experiments  in  man. — A  large  number  of  observations 
have  been  made  on  the  effects  of  electricity,  and  -more  espe- 
cially of  the  continuous  current,  upon  the  cervical  sympa- 
thetic nerve  in  the  living  subject.  Yet  the  question  of 
'  galvanisation  of  the  sympathetic '  is  still  in  an  unsettled 
condition,  which  in  our  opinion  is  chiefly  owing  to  the  cir- 
cumstance that  it  is  impossible  to  localise  the  current  in 
this  nerve  in  the  living  man.  The  methods  principally  used 
are  the  following : — 

a.  One  electrode  is  placed  in  the  auriculo-maxillary  fossa, 
and  the  other  to  the  transverse  process  of  the  sixth  or 
seventh  cervical  vertebra  on  the  opposite  side  of  the  body. 
By  proceeding  in  this  manner,  not  only  the  upper  cervical 
ganglion  is  affected,  hut  the  spinal  cord  and  the  base  of  the 
brain  likeiuise  receive  the  galvanic  influence. 

b.  One  electrode  is  placed  in  the  auriculo-maxillary  fossa, 
and  the  other  at  the  manubrium  sterni,  at  the  inner  edge  of 
the  sterno-mastoid  muscle.  This  mode  of  application 
afects  not  only   the   upper    and  lower  cervical  ganglion, 
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hut  also  the  pneumogastric,  the  depressor  nerve,  the 
laryngeal,  and  the  descending  branch  of  the  hypoglossus 
nerve. 

c.  One  electrode  is  placed  in  the  auriculo-masillary  fossa, 
and  the  other  inside  the  cavity  of  the  mouth,  opposite  to  the 
articulation  of  the  lower  jaw  (Grerhardt).  This  mode  of  pro- 
ceeding would,  prima  facie,  be  a  most  effective  one  for 
localising  the  current  at  least  in  the  upper  cervical  ganglion 
of  the  sympathetic ;  but  it  has  up  to  the  present  time  not 
been  sufficiently  studied. 

Some  recent  observers  have  expressed  grave  doubts  as  to 
whether  the  sympathetic  can  really  be  reached  by  the  gal- 
vanic current.     Thus,  Dr.  Clifford  Allbutt  ^  thinks  it  '  the 
very  midsummer  madness  of  reasoning '  to  believe  that  the 
sympathetic  is  reached  by  it,  and  that  any  good  can  be  done 
by  the  proceeding  generally  known  as  '  galvanisation  of  the 
sympathetic'     His  sketch  of  the  extremes  to  which  some 
fanatics  have  gone  in  this  particular  is  very  amusing ;  but 
he  has  not  given  a  single  reason  why  the  cervical  sympa- 
thetic should  escape  the  galvanic  influence,  if  the  current  be 
applied  as  mentioned  above.     Moreover,  his  entire  argument 
is  vitiated  by  his  having  failed  to  perceive  the  difference 
between  a  powerful  faradic  and  a  feeble  galvanic  current. 
Nobody  who  would  give  a  really  impartial  attention  to  this 
question  would  expect  that  two  such  entirely  different  things 
should  produce  the  same  effect.     We  might  as  well  think 
that  sulphur  would  have  the  same  action  in  the  system  as 
sulphuric  acid.     The  triumphant  manner,  therefore,  in  which 
Dr.  Allbutt  draws  attention  to  the  fact  that  '  the  ear  does 
not  get  red '  in  consequence  of  galvanisation  of  the  sympa- 
thetic,  is  apt   to    excite  a  smile.     The   same  mistake  has 
been  made  by  Dr.  Buzzard,^  who  speaks  of  '  the  important 

'  British  and  Foreign  Medico-Chirurgical  Eeview,  July  1871. 
"  The  Practitioner,  February  1873. 
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experiments  of  Brown-Sequard  {query,  Claude  Bernard  ?) 
having  shown  that  galvanisation  of  the  sympathetic  in  the 
neck  causes  contraction  in  the  walls  of  the  arteries  supplied 
by  its  branches ; '  and  thinks  that,  as  one  of  the  ultimate, 
branches  of  the  carotid  plexus,  viz.  the  central  artery  of  the 
retina,  may  be  examined  duringlife  by  the  ophthalmoscope,  we 
might  expect  to  see  some  alteration  in  the  size  or  colour  of 
this  branch,  during  the  proceeding  known  as  galvanisation 
of  the  sympathetic.  This  he  failed  to  perceive  in  one  case 
he  examined,  and  is  therefore  inclined  to  doubt  that  the 
current  reaches  the  superior  cervical  ganglion.  Now,  neither 
Brown-Sequard  nor  Claude  Bernard  have  ever  experimented 
with  the  continuous  cm-rent  on  the  sympathetic,  but  only 
used  induction  currents  of  high  tension.  The  objections 
raised  by  Drs.  Allbutt  and  Buzzard  may  therefore  be  al- 
together disregarded.  Moreover  the  researches  of  Burck- 
hardt  and  Ziemssen  (p.  77)  have  experimentally- settled  the 
question,  whether  the  continuous  current  penetrates  to  the 
cervical  sympathetic,  in  the  affirmative. 

We  now  proceed  to  a  description  of  the  symptoms  which 
are  caused  by  the  proceeding  known  as  '  galvanisation  of  the 
sympathetic,'  and  which  we  believe  to  be  owing  to  simul- 
taneous stimulation  of  the  sympathetic,  the  pneumogastric, 
the  depressor  nerve,  the  cord,  and  the  base  of  the  brain. 
Curiously  enough,  the  point  that  it  is  impossible  to  localise 
the  current  in  the  cervical  sympathetic  in  the  living  man, 
has  been  entirely  overlooked  by  electro-therapeutists, 
although  attention  was  drawn  to  this  fact  in  a  previous 
edition  of  this  treatise.  We  are  therefore  pleased  to  find 
that  Prof.  Cyon,^  of  St.  Petersburg,  has  recently  added  his 
testimony  to  this  circumstance ;  yet  even  he  has  not,  to  our 
mode  of  thinking,  sufficiently  separated  and,  as  it  were,  dis- 

>  Principes  d'Electrotli^rapie,  Paris,  1873,  p.  201. 
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sected  the  symptoms  which  are  observed.  We  shall  therefore 
endeavour,  in  the  following  remarks,  to  refer  as  closely  as 
possible  the  phenomena  which  follow  '  galvanisation  of  the 
sympathetic,'  to  the  specific  nerve-tracts,  to  the  stimulation 
of  which  they  owe  their  origin. 

The  proceeding  known  as  galvanisation  of  the  sympathetic 
produces : — 

1.  A  feeling  of  sleepiness  and  drowsiness,  which  com- 
mences soon  after  the  circuit  is  closed,  continues  during  the 
application,  and  for  some  time  after  the  current  has  been 
broken.  It  is  probable  that  this  is  owing  to  a  direct  action 
of  the  current  on  the  vaso-motor  nerves  of  the  head,  which 
are  contained  in  the  cervical  sympathetic  ;  but  whether  the 
effect  is  owing  to  the  arterial  tone  in  the  sphere  of  the 
carotid  artery,  and  the  pressure  of  blood  in  the  same,  being 
reduced  or  increased,  and  whether  therefore  the  symptom 
has  to  be  ascribed  to  a  certain  degree  of  anaemia  or  hyper- 
semia  of  the  brain,  is  at  present  impossible  to  decide.  In 
patients  suffering  from  cerebral  disease  this  symptom  is 
sometimes  very  marked,  and  continues  for  hours  after  the 
application. 

The  opJdhalTnoscopic  examination  of  the  retinal  vessels 
has  naturally  suggested  itself  as  a  test  for  the  condition  of 
the  brain  under  the  influence  of  the  proceeding ;  but  the 
results  arrived  at  by  different  observers  are  somewhat  con- 
tradictory. Thus  Prof.  Hammond,^  of  New  York,  states  that 
he  saw  a  distinct  contraction  of  the  arteries  of  the  retina 
when  he  examined  that  membrane  with  the  ophthalmic 
mirror.  On  the  other  hand.  Dr.  Buzzard  ^  observed  no 
change  whatever  in  the  size  or  colour  of  the  artery  during 
the  passage,  or  after  the  withdrawal,  of  the  current.     Dr.  St. 


'  Journal  of  Psychological  Medicine,  April  1870,  p.  249. 
2  Loc  cit.  p.  89. 
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John  Eossa,  of  New  York,  who  examined  this  matter  in  con- 
junction with  Drs.  Beard  and  Eockwell,^  observed  that  the 
arteries  increased  in  size,  and  more  vessels  were  brought  into 
view.  Five  minutes  after  the  application  was  over,  the  size 
and  number  of  the  arteries  had  diminished.  The  secondary- 
effect  of  the  proceeding  was,  therefore,  to  produce  angemia  of 
the  retina,  inasmuch  as  the  vessels  were  less  perceptible  after, 
than  they  had  been  before,  the  application.  This  effect  was 
more  marked  when  the  positive  electrode  was  in  the  auri- 
culo-maxillary  fossa,  than  when  the  direction  of  the  current 
was  reversed.  When  a  feebler  current  was  used.  Dr.  Hackley 
noticed  a  slight  enlargement  of  the  veins,  and  no  anaemia 
after  the  application.  The  same  observer  noticed  that  fara- 
disation of  the  sympathetic  caused  at  first  no  change  at  all, 
but  after  a  time  produced  the  same  effects  as  galvanisa- 
tion. Mild  currents  and  short  applications  generally  caused 
contraction,  while  strong  cui-rents  and  long  applications 
caused  dilatation.  The  temperament  or  condition  of  the 
individual  appeared  to  have  a  considerable  influence  on  the 
result.  The  whole  subject,  however,  evidently  requires  a 
new  and  careful  investigation  on  the  part  of  practised  oph- 
thalmoscopists. 

2.  Certain  changes  in  the  pupil. — Grerhardt  ^  states  that 
by  applying  the  electrodes  as  described  above  (p.  166  c),  he 
caused  dilatation  of  the  pupil  in  healthy  and  sick  persons, 
with  the  continuous  as  well  as  the  induced  current.  Eulen- 
burg  and  Schmidt^  have  observed  that,  if  the  anode  of  from 
twenty  to  forty  cells  of  Daniell's  batteiy  was  applied  to  the 
manubrium  stemi,  and  the  cathode  to  the  auriculo-maxillary 
fossa,  there  was  at  first  a  slight  dilation  of  the  pupil  of  the 

'  A  Practical  Treatise  on  the  Medical  and  Surgical  Uses  of  Electricity,  New 
York,  1871,  p.  276. 
2  Loc.  cit.  p.  200. 
*  Centralblatt  fiir  die  medicinischen  Wissenschaften,  1868.    Nos.  21  and  23. 
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same  side,  after  which  the  pupil  gradually  became  constricted. 
Sometimes  these  phenomena  did  not  appear  on  first  closing 
the  circuit,  but  only  after  it  had  been  closed  for  half  a  minute 
or  a  minute,  and  was  then  broken  and  closed  again ;  they 
also  occurred  afterwards,  each  time  the  circuit  was  again 
closed.  In  most  cases  the  initial  instantaneous  dilatation  of 
the  pupil  was  so  slight  that  it  could  not  be  observed  with  the 
unassisted  eye,  but  only  with  the  aid  of  Griraud-Teulon's 
pupilloscope,  which  allows  us  to  notice  any  modifications  of 
the  size  and  distance  of  the  dispersing  circles  in  the  retina 
by  minimal  alterations  in  the  diameter  of  the  pupil. 

It  is  a  singular  contradiction  that  Grerhardt  should  always 
have  observed  dilatation,  and  that  Eulenburg  and  Schmidt, 
who  operated  with  a  far  more  powerful  current  than  is  gene- 
rally used,  should  have  found  that  a  pupilloscope  is  necessary 
to  render  dilatation  perceptible.  I  have  myself  made  a 
number  of  experiments  on  this  question,  which  have  yielded 
such  diverse  results  that  I  have  been  unable  to  deduce  a 
general  law  from  them. 

3.  An  effect  on-  the  hearfs  action,  which  is  probably 
owing  to  the  stimulation  of  the  pneumogastric  and  the  de- 
pressor nerve  in  conjunction  with  the  sympathetic. 

Eulenburg  and  Schmidt  found  that,  when  the  current  had 
acted  for  some  time,  the  rate  of  pulsation  was  diminished. 
Where  the  action  of  the  heart  was  normal,  the  pulse  fell 
from  four  to  fifteen  beats  in  a  minute  ;  but  in  pathological 
conditions,  where  the  pulse  was  accelerated,  as  in  certain 
forms  of  heart  disease,  exophthalmic  goitre,  &c.,  the  fall  was 
more  considerable.  This  diminished  rate  of  pulsation  was 
accompanied  by  a  decrease  of  tension  and  pressure  in  the 
carotids  of  both  sides,  and  even  in  the  radial  arteries,  which 
was  perceptible  to  the  finger.  An  examination  by  means  of 
the  sphygmograph  gave  more  distinct  results,  showing  that 
the  curves  of  the  carotid,  as  they  appear  in  healthy  persons, 
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were  decidedly  altered.  The  line  of  ascension  became  more 
slanting,  and  deviated  more  to  the  right  side ;  the  pointed 
summit  disappeared  completely,  or  almost  completely,  and 
instead  of  it  a  broad  level  was  traced,  which  either  proceeded 
in  a  horizontal  plane  or  showed  another  more  or  less  steep 
ascension. 

The  rate  of  pulsation  is  likewise  diminished  by  symme- 
trical application  of  both  electrodes  to  each  superior  cervical 
ganglion,  and  by  galvanisation  of  the  spine  with  a  strong 
direct  current  of  from  forty  to  sixty  cells,  even  in  the  lower 
dorsal  zone.  Faradisation  of  the  skin  causes  at  first  accele- 
ration, and  afterwards  retardation  of  the  heart's  action,  with 
corresponding  graphic  alterations  of  the  radial  pulse. 

Dr.  Beard,^  who  has  also  made  some  sphygmographic 
observations  on  the  pulse  during  and  after  galvanisation 
and  faradisation  of  the  cervical  sympathetic,  has  come  to  the 
following  conclusions  : — Both  currents  when  applied  in  such 
a  way  as  to  traverse  the  region  of  the  neck  in  which  the 
pneumogastric  and  cervical  ganglia  of  the  sympathetic  are 
situated,  markedly  affect  the  pulse.  This  effect  is  chiefly 
shown  in  abruptness  of  the  systole  and  the  diastole,  and 
in  shortening  of  the  interval  between  the  cardiac  impulse 
and  the  arterial  impulse.  In  general  it  may  be  said  that 
the  force  of  the  pulse  is  increased.  Its  rapidity  may  be 
either  increased  or  diminished,  according  to  the  length  of 
the  application  and  the  strength  of  the  current.  The  effect 
of  a  general  application  of  faradism  all  over  the  body 
was  to  prolong  the  systole  and  the  interval  between  the 
cardiac  and  the  arterial  impulse.  The  abruptness  in  the 
systole  that  is  so  marked  dining  and  after  faradisation 
through  the  neck,  was  not  observed  after  general  faradisation. 
These  effects  on  the  pulse  gradually  pass  away,  but  are 
distinctly  traceable  for  a  number  of  minutes  after  the  elec- 
trodes are  removed. 

1  The  Medical  Eecord,  New  York,  1871,  p.  457. 
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4.  A  general  feeling  of  warmth  throughout  the  system, 
sometimes  accompanied  witli  sensible  perspiration.  Meyer, 
who  was  one  of  the  first  to  notice  this  symptom,  found  that 
the  feeling  of  heat  was  chiefly  marked  in  the  arm  of  that 
side  which  corresponded  to  the  auriculo-maxillary  fossa 
acted  upon  ;  and  that  drops  of  sweat  were  sometimes  seen  to 
issue  from  the  hand  and  fingers.  These  symptoms  cannot 
be  owing  to  the  influence  of  the  current  on  the  cervical 
sympathetic,  for  this  does  not  contain  any  nerves  for  the 
upper  extremity ;  nor  can  the  pneumogastric  or  the  spinal 
cord  be  credited  with  their  production ;  and  we  must 
therefore  assume  that  they  are  produced  by  the  influence  of 
the  current  upon  the  depressor  nerve.  The  phenomena  just 
mentioned  are,  however,  not  nearly  so  constant  as  one  might 
be  led  to  believe  after  Meyer's  description ;  for  I  have  used 
the  current  hundreds  of  times  in  the  same  way,  and  only 
in  one  single  case  seen  sensible  perspiration  in  the  fingers. 

Our  present  views  of  this  subject  are,  as  will  be  seen  from 
the  foregoing,  essentially  unsettled,  and  will  have  to  under- 
go considerable  modifications  in  course  of  time.  It  will  be 
principally  necessary — 

1st,  to  separate  carefully  the  phenomena  owing  to  the 
influence  of  the  current  upon  the  different  nervous  districts 
which  are  traversed  by  it ; 

2nd,  to  study  more  accurately  the  effects  of  different  doses 
of  the  current,  there  being  reason  to  believe  that  small  doses 
nave  contrary  effects  to  those  of  large  doses  of  the  same 
agent ; 

3rd,  to  observe  the  influence  of  more  or  less  prolonged 
applications  of  the  current,  the  time  during  which  the 
application  is  continued  being  an  important  factor  in  the 
production  and  modification  of  the  phenomena ;  and 

4th,  to  give  attention  to  the  direction  of  the  current, 
so  as  to  test  the  correctness  of  Onimus  and  Legros'  propo- 
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sition,  that  the  direct  and  inverse  current  produce  opposite 
effects. 

The  question  what  may  be  reasonably  expected  in  thera- 
peutics from  galvanisation  of  the  sympathetic,  will  be  dis- 
cussed in  the  third  chapter. 

IV.— ACTION   OF  ELECTRICITY    UPON    THE    ORGANS    OF 
SPECIAL   SENSE, 

All  the  different  forms  of  electricity  are  capable  of  rousing 
the  vital  energy  of  the  nerves  of  the  organs  of  special  sense  ; 
this  effect,  however,  is  chiefly  peculiar  to  the  continuous 
current,  less  so  to  frictional  electricity,  and  least  to  induction 
currents.  Of  the  latter,  the  magneto-faradic  current  has 
more  effect  on  these  organs,  and  especially  upon  the  retina, 
than  the  volta-faradic  current ;  which  is  probably  due  to  the 
circumstance,  that  the  variations  of  the  former  are  not  so 
sudden  and  considerable  as  those  of  the  latter. 

1.  Organ  of  Vision. — Sparks  taken  from  the  common 
electrical  machine,  and  applied  to  the  eyes,  produce  luminous 
appearances,  which  are,  however,  not  very  distinct.  The 
Ley  den  jar  produces  a  more  considerable  effect.  One  of  the 
earliest  electro-physiological  experiments  is  that  made  by 
Leroy,^  who  sent  the  shock  from  a  jar  through  the  body  of  a 
young  man  suffering  from  amaurosis.  One  wire  was  put 
round  the  head,  and  another  round  the  right  leg,  and  the 
ends  of  these  wires  were  then  connected  with  the  outer  and 
inner  coating  of  the  jar.  With  each  discharge  the  patient 
saw  a  flame  passing  before  his  eyes,  and  heard  a  loud  report 
like  that  of  a  gun.  If  the  shock  was  sent  straight  through 
the  head  of  the  blind  man  by  means  of  one  metal  plate 
being  fixed  on  the  forehead  and  another  on  the  back  of  the 
head,  through  which  the  jar  was  then  discharged,  the  patient 

'  Memoires  de  mathematique  de  rAcad^mie  de  France,  1755,  p.  86. 
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had  hallucinations,  saw  crowds  of  people,  &c.  It  is  singular 
that  no  serious  mischief  should  have  been  done  by  such  a 
brutal  mode  of  experimenting. 

The  electricity  of  the  electrophorus  machine,  if  of  some- 
what high  tension,  causes  a  continuous  perception  of  a  bluish- 
white  light,  together  with  pain,  and  spasmodic  contractions 
of  the  muscles  of  the  jaw.' 

If  the  current  of  a  single  galvanic  pair  be  caused  to  act 
upon  the  optic  nerve,  one  of  the  metals  being  placed  to  the 
conjunctiva  or  to  the  well-moistened  eyelid,  and  the  other 
metal  to  the  other  eye  or  eyelid,  a  faint  flash  of  light  is  per- 
ceived at  the  commencement  of  the  current ;  while  the  circuit 
is  closed,  luminous  appearances  are  only  seen  by  persons 
whose  retina  is  highly  sensitive ;  but  there  is  again  a  distinct 
flash  when  the  circuit  is  broken.  This  is,  of  course,  no  real 
development  of  light,  but  the  flash  is  only  seen  by  the  person 
subjected  to  the  experiment,  in  consequence  of  the  vital 
energy  of  the  optic  nerve  being  roused  by  galvanism. 

That  the  continuous  cm-rent  has  a  special  influence  upon 
the  optic  nerve,  was  discovered  by  Volta  about  1800;  and 
the  phenomena  connected  with  it  were  studied  by  Eitter, 
Purkinje,  Joh.  Miiller,  and  Euete.  It  cannot,  however,  be 
said  that  the  subject  was  much  advanced  by  the  researches 
of  these  physiologists,  inasmuch  as  all  of  them,  carried 
away  by  their  scientific  enthusiasm,  experimented  upon  their 
own  eyes  so  repeatedly,  and  in  such  a  very  decided  manner,  as 
to  cause  a  more  or  less  considerable  degree  of  hypersesthesia 
of  the  retina,  which  was  of  course  highly  unfavourable  to  a 
correct  appreciation  of  the  appearances  produced.  Piu-kinje's'^ 
observations  on  this  point  read  more  like  the  dreams  of  a 
visionary  than  the  investigations  of  a  man  of  science ;  and 
Joh.  Miiller  ^  nearly  blinded  himself  by  his  experiments,  so 

•  Schwanda,  loc.  cit. 

^  Beobachtungen  und  Versuche  ziir  Physiologie  der  Sinne.    Prag,  1819. 

'  Zur  vergleichenden  Physiologie  des  Gericlitssiiines.     Leipzig,  1826. 
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that  he  had  to  rest  his  eyes  for  a  considerable  period  in 
order  to  regain  the  vigour  of  his  sight. 

Heknholtz's  observations  ^  are  the  clearest  and  simplest 
which  have  been  made  on  this  subject,  and  constitue  a  real 
advance  in  electro-physiology.  He  experimented  with  a  few 
cells  of  Daniell's  battery,  and  found  that  if  a  feeble  inverse 
current  be  sent  through  the  optic  nerve,  the  positive  elec- 
trode being  held  in  the  hand,  and  the  negative  applied  to 
the  forehead,  the  dark  visual  field  of  the  closed  eye  became 
lighter  than  it  was  before,  and  assumed  a  whitish-violet 
colour.  In  the  lighted-up  field,  the  entrance  of  the  optic 
nerve  appeared  within  the  first  few  moments  as  a  dark  cir- 
cular disc.  This  brightening,  however,  quickly  diminished, 
and  disappeared  altogether  on  breaking  the  current.  If  this 
was  done  very  slowly,  no  flash  was  seen.  After  the  current 
had  ceased  to  act,  the  visual  field  became  darkened,  and  a 
yellow-reddish  coloration  was  assumed  by  the  light  apper- 
taining to  the  retina. 

If  the  direct  current  was  used,  so  that  the  positive  pole 
was  on  the  forehead,  and  the  negative  held  in  the  hand,  the 
visual  field,  which  was  only  filled  with  the  light  appertaining 
to  the  retina,  became  on  the  whole  darker  than  it  was  before, 
and  assumed  a  yellow-reddish  hue.  Only  the  point  of 
entrance  of  the  optic  nerve  was  seen  well  defined,  as  a  bright 
blue  circular  disc  on  the  dark  ground ;  and  of  this  disc  some- 
times only  that  half  appeared  which  was  tm-ned  towards  the 
centre  of  the  field  of  vision.  On  breaking  the  circuit,  the 
field  cleared  up  again,  and  assumed  a  bluish-white  colour, 
and  the  entrance  of  the  optic  nerve  appeared  dark. 

The  circmnstance  that  the  field  should  become  darkened 
by  the  direct  current,  shows  that  the  voltaic  current  pro- 
duces not  only  irritation,  but  also  alteration  of  excitability. 

*  Handbuch  der  physiologischen  Optik,  Leipzig,  1867,  p.  204. 
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As  we  shall  see  furtlier  on,  Pfliiger  ^  has  shown  that  a  weak 
current  increases  the  excitability  of  the  nerve  at  the  point 
towards  which  positive  electricity  is  travelling  (catelectroto- 
nus),  and  diminishes  it  at  the  point  from  where  positive 
electricity  is  arriving  (anelectrotonus).  According  to  this 
law,  excitability  would  be  increased  with  the  inverse  current 
at  the  cerebral  end  of  the  optic  nerve,  and  diminished  at  the 
retinal  end  of  it,  while  the  opposite  would  take  place  with 
the  direct  current.  The  diminution  and  increase  of  the 
light  appertaining  to  the  retina  could  thus  be  explained, 
according  to  Pfliiger's  law,  by  assuming  an  effect  produced 
on  the  cerebral  end  of  the  optic  nerve.  Thus  one  would 
expect  that  the  inverse  current  should  increase,  and  the 
direct  current  diminish,  the  light  appertaining  to  the  retina 
itself.  With  this  view,  a  remark  made  long  ago  by  Eitter  ^ 
seems  to  coincide,  who  says  that  while  the  direct  current  con- 
tinues to  act,  external  objects  become  less  distinct,  and  that 
they  become  more  distinct  again  with  the  inverse  current. 

Helmholtz  considers  these  phenomena  as  owing  to  electro- 
tonus  of  the  radiar  fibres  of  the  retina,  combined  with  a  con- 
stant feeble  internal  stimulation  at  the  posterior  portion  of 
the  retina.  If  the  current  be  directed  to  the  retina  by 
putting  the  cathode  to  the  nape  of  the  neck,  and  the  anode 
to  the  well-moistened  eyelid,  near  the  external  angle  of  the 
eye,  the  field  of  vision  appears  dark  towards  the  nose,  and 
bright  towards  the  temple  ;  and  the  point  of  entrance  of 
the  optic  nerve,  which  coincides  with  the  bright  portion, 
appears  dark.  If  now  the  eye  be  so  turned  that  the  fixed 
point  is  just  at  the  limit  between  the  bright  and  dark 
portions,  there  proceeds  from  it  a  bright  tuft  of  light 
towards  the  dark  portion,  and  a  dark  tuft  towards  the  bright 

1  Untersuchungen  iiber  die  Physiologic  des  Electrotonus.     Berlin,  1859. 
'  Beitrage  zxir  naheren  Kenntniss  des  G-alvanismus.    Weimar,  1805,  Bd.  II. 
pp.  159,  166. 


CHAP.  n.  THE   EYE  177 

portion  of  the  field.  These  two  ovally-contoiired  tufts  cover 
nearly  the  extent  of  the  macula  liitea.  On  reversing  the 
direction  of  the  current,  the  bright  and  the  dark  of  the 
whole  phenomenon  are  likewise  reversed. 

The  following  would  be  the  rationale  of  these  appear- 
ances : — ^Mien  the  positive  current  enters  at  the  external 
angle  of  the  eye  into  the  eye-ball,  and  leaves  it  at  its  inter- 
nal and  posterior  part,  the  excitability  of  the  retina  is 
diminished  at  the  latter  and  increased  at  the  former  ;  so 
that  the  inner  half  of  the  field  of  vision  appears  dark,  and 
the  external  half  bright.  The  optic  nerve  probably  acts  as 
a  bad  conductor,  and  enfeebles  the  current  where  it  enters, 
so  that  the  phenomena  there  are  reversed.  The  fibres  on  the 
temporal  side  of  the  retina  are  traversed  by  the  current  in  a 
direction  towards  the  rods  and  cones,  and  those  on  the  nasal 
side  of  the  retina  in  a  direction  away  from  the  latter.  In 
the  former  there  is,  therefore,  increased,  and  in  the  latter 
diminished,  excitability. 

Brenner  ^  has  more  recently  investigated  these  phenomena, 
and  come  to  the  conclusion  that  the  galvanic  cm-rent  is 
directly  propagated  to  the  optic  nerve,  and  that  the  excita- 
bility of  the  latter,  as  well  as  the  quality  of  its  response, 
varies  considerably  in  different  individuals.  The  response 
occurs  most  readily  if  the  two  electrodes  be  at  a  different  dis- 
tance from  the  optic  nerve,  provided  this  is  neither  very 
great  nor  very  small.  The  duration  and  intensity  of  the 
response  is  greater  if  the  direction  of  the  line  connecting  the 
two  electrodes  approximates  the  longitudinal  axis  of  the 
optic  nerve ;  and  one  of  the  most  favourable  arrangements  is 
that  one,  where  one  electrode  is  directed  to  the  eye  and  the 
other  to  the  nape  of  the  neck.  The  colour  of  the  light 
i|      varies  in  different  persons,  but  is  always  the  same  in  the 

■  Untersuchungen  und  Beobachtungen,  etc.     Leipzig,  1 868. 
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same  person.  Each  pole  produces  its  own  colour,  and  that 
colour  is  always  seen  which  corresponds  to  the  electrode 
which  is  nearest  to  the  eye.  The  colours  vary  from  yellow 
to  lilac,  red,  blue,  and  pink.  On  closing  the  circuit,  the 
light  appears  to  assume  two  colours,  the  one  in  the  centre 
being  the  more  intense  of  the  two,  lasting  longer,  and  being 
produced  by  a  comparatively  more  feeble  current ;  while  the 
one  in  the  periphery  forms  a  sort  of  pale  area  around  the 
central  light,  disappears  more  rapidly,  and  requires  a  stronger 
current  for  its  production.  That  colour  which  is  the  central 
one  with  the  anode,  is  the  peripheral  one  with  the  cathode, 
and  vice  versa.  The  light  diminishes  steadily  when  the 
circuit  is  closed,  and  at  last  disappears  entirely.  On  break- 
ing the  current,  there  is  a  momentary  image  in  which  the 
colours,  as  they  were  seen  on  making  it,  appear  reversed. 

It  was  formerly  believed  that  the  luminous  appearances 
just  described  were  produced  by  reflex  action  from  the 
sentient  fibres  of  the  trifacial  nerve  to  the  retina  ;  and  this 
view  was  rendered  plausible  by  the  circumstance  that  they 
may  be  perceived,  whatever  be  the  position  of  the  electrodes, 
provided  that  one  of  them  touches  a  point  of  the  skin  or 
mucous  membrane  animated  by  a  flament  of  the  fifth  pair. 
It  is,  indeed,  not  necessary  to  touch  one  or  both  eyes  or 
eyelids ;  for  flashes  may  be  perceived  by  directing  one  elec- 
trode to  the  nose,  and  the  other  to  the  tongue,  or  by  putting 
one  into  the  mouth  and  the  other  into  the  rectum.  The 
researches  of  Ziemssen,  however,  on  the  conductivity  of  the 
eyes  (p.  76),  render  it  highly  probable  that  the  phenomena 
described  are  owing  to  a  direct  transmission  of  the  current 
to  the  eyes,  which  on  account  of  the  large  proportion  of 
water  they  contain,  are  one  of  the  best  conducting  organs  of 
the  body. 

The  flash  becomes  more  distinct  and  of  a  stronger  colour 
on  darkening  the  room,  and  Humboldt  relates  that,  during 
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storms,  the  effect  of  galvanism  upon  the  eyes  is  very  much 
increased.  Fowler  made  the  experiment  on  himself  at  a 
time  when  one  of  his  eyes  was  inflamed,  and  noticed  that  the 
flash  produced  in  the  inflamed  eye  was  more  brilliant  than 
in  the  healthy  one.  On  the  other  hand,  Humboldt  states 
that  when  he  suffered  from  a  bad  cold,  he  was  not  able  to 
perceive  the  flash  at  all,  even  if  he  made  use  of  an  otherwise 
most  effective  arrangement  of  the  metals. 

The  intensity  of  the  flash  is  directly  proportional  to  the 
intensity  of  the  current  employed,  and  inversely  proportional 
to  the  resistance  offered  to  the  passage  of  the  current.  A 
flash  may  be  produced  by  a  very  feeble  current,  such  as  is 
generated  by  the  contact  of  a  half-crown  piece  and  a  penny ; 
it  is  more  distinct  if,  instead  of  copper  and  silver,  tinfoil  and 
silver,  or  zinc  and  gold,  are  used.  A  pile,  consisting  of  a 
large  number  of  pairs,  may  excite  the  retina  in  a  violent 
manner,  and  instantaneous  blindness  may  ensue  from  it. 
Duchenne,  who  was  unacquainted  with  the  influence  of  the 
continuous  current  on  the  retina,  relates  a  case  which  fully 
proves  the  great  importance  to  the  medical  practitioner  of 
an  accurate  acquaintance  with  the  physiological  effects  which ' 
electricity  will  invariably  produce.  He  electrified  a  patient 
suffering  from  paralysis  of  the  portio  dura,  at  first  with  the 
induced  current,  and  afterwards  with  the  continuous  current 
of  a  pile.  Immediately  after  the  electrodes  of  the  latter  had 
been  applied  to  the  face,  the  patient  exclaimed  that  he  saw 
the  whole  room  in  a  blaze ;  he  afterwards  complained  of 
having  lost  his  sight  on  that  side  where  the  electrodes  had 
been  applied :  and  he  never  regained  it.  Duchenne, 
curiously  enough,  claims  for  himself  the  discovery  of  this- 

'  Experiments  and  Observations  relative  to  the  Influence  lately  discovered 
by  M.  Galvani,  and  commonly  called  Animal  Electricity.  By  Eichard  Fowler. . 
Edinburgh,  1793. 

^  Versuche  iiber  die  gereizte  Muskel-  und  Nervenfaser.  Von  Alexander  von, 
Humboldt.    Posen  und  Berlin,  1797,  vol.  i.  p.  334. 
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special  action  of  galvanism  on  the  retina  ;  but  I  have  already 
mentioned  that  it  was  known  to  Yolta  before  the  commence- 
ment of  the  present  century. 

If  the  resistance  to  the  passage  of  the  current  be  great, 
the  flash  perceived  in  consequence  of  the  galvanic  excitation 
of  the  retina  is  very  feeble.  Thus,  if  the  two  metals  are 
applied  to  the  face  at  two  points  where  the  skin  is  dry,  the 
flash  is  less  vivid  than  if  the  skin  be  previously  moistened. 
The  flash  is  stronger  if  the  electrodes  be  directed  to  the  con- 
junctiva, or  to  the  Schneiderian  membrane,  or  to  the  mucous 
membrane  of  the  mouth,  than  if  applied  to  the  skin  of  the 
face ;  since  the  delicate  epithelium  of  the  mucous  mem- 
branes offers  less  resistance  to  the  passage  of  the  current  than 
the  epidermis. 

Faradisation  has  much  less  effect  on  the  retina  than  gal- 
vanisation. The  extra  current  of  a  volta-faradic  machine, 
which  circulates  in  a  short  and  thick  wire,  and  has  therefore 
a  low  tension,  has  no  such  effect  at  all ;  but  the  current 
induced  in  a  long  and  fine  wire  has  a  slight  effect  on  the 
retina.  Magneto-electricity  affects  the  optic  nerve  more 
than  electro-magnetism,  but  not  nearly  as  much  as  the  con- 
tinuous current.  In  accordance  with  physical  circumstances, 
it  is  observed  that  faradisation  does  not  produce  a  continuous 
sensation  of  light,  but  a  more  or  less  rapid  succession  of 
slight  blue  flashes,  which  produce  a  sort  of  glimmering, 
similar  to  that  which  is  observed  in  certain  forms  of  hyper- 
sesthesia  of  the  retina. 

2.  Organ  of  Smell.-— l:^ea,v  the  electrical  machine,  when 
in  action,  a  peculiar  smell  is  perceived  which  is  half  sul- 
phurous and  half  phosphoric.  This  odour  was  formerly 
believed  to  be  due  to  a  peculiar  state  of  the  olfactory  nerve 
caused  by  electricity,  but  it  is  now  well-known  that  it 
arises  from  the  development  of  ozone  (p.  4). 

Neither  the  common  electric  sparks,  nor  the  electricity  of 
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the  electrophorus  machine,  nor  electro-magnetism,  nor  mag- 
neto-electricity will  cause  a  peculiar  smell  when  applied  to 
the  mucous  membrane  of  the  nose.  By  directing  the^e 
stimulants  to  the  Schneiderian  membrane,  nothing  but  a 
more  or  less  disagreeable  sensation  of  scratching  and  tickling 
is  produced,  which  is  owing  to  electric  irritation  of  the 
sentient  branches  of  the  trifacial  nerve,  with  which  this 
membrane  is  richly  endowed  ;  and  sneezing  not  unfrequently 
follows  such  an  application. 

The  continuous  cm^rent  is  the  only  kind  of  electricity 
which  is  capable  of  rousing  the  vital  energy  of  the  olfactory 
nerve.  But  in  order  to  effect  this,  a  current  of  high  tension 
is  required,  such  as  one  cannot  bear  much  longer  than  a  few 
seconds,  on  account  of  the  concomitant  symptoms  of  dazzling 
flashes  of  light,  giddiness,  and  faintness  which  it  induces. 
The  case  which  has  been  related  above  (p.  145)  shows  that 
when  the  function  of  the  fifth  pair  is  in  abeyance,  the 
peculiar  smell,  caused  by  the  galvanic  stimulation  of  the 
olfactory  nerve,  is  perceived  without  being  accompanied  by 
any  inconvenience. 

Eitter '  has  experimented  upon  his  own  Schneiderian 
membrane  with  the  current  of  a  voltaic  pile  of  twenty  pairs, 
and  says  that  the  inconvenience  caused  to  him  by  the  experi- 
ment was  'awful.'  He  states  that  he  noticed  a  peculiar 
smell,  at  the  commencement  of  the  ciu'rent,  while  the  circuit 
remained  closed,  on  opening  the  circuit,  and  for  some  time 
afterwards.  The  effects  differed  somewhat  according  to  the 
direction  of  the  current.  If  this  was  inverse,  he  observed  on 
making  the  current,  and  while  the  circuit  was  closed,  an  acid 
smell  and  loss  of  the  capability  of  sneezing  ;  at  the  cessation 
of  the  cm-rent,  and  a  short  time  after  it  had  been  broken, 
the  smell  was  ammoniacal,  and   there   was   disposition   to 

'  Beitriige  zur  naheren  Kenntniss  des  Galvanismus.     Weimar,  1805. 
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sneezing.  If,  on  the  other  hand,  the  direct  current  was 
used  instead  of  the  inverse,  the  contrary  occurred,  viz. 
ammoniacal  smell  and  disposition  to  sneezing  on  closing  the 
circuit,  and  while  the  current  continued  to  pass ;  and  an 
acid  smell  and  loss  of  the  capability  of  sneezing  on  opening 
the  circuit,  and  a  short  time  after  it  had  been  opened. 

I  regret  that  I  have  not  been  able  to  verify  Eitter's  obser- 
vations in  any  single  particular.  The  condition  of  the  brain 
during  the  passage  of  such  a  powerful  current  as  is  necessary 
for  affecting  the  olfactory  nerve,  is  not  favourable  to  accurate 
observations  ;  but  I  certainly  never  felt,  during  that  time, 
either  disposition  to  sneezing  or  that  peculiar  sensation 
which  is  constituted  by  '  loss  of  the  capability  of  sneezing.' 
The  smell  was  neither  ammoniacal  nor  acid,  but  phosphorous, 
and,  as  far  as  I  have  been  able  to  judge,  there  was  no 
difference  whether  the  cui'rent  was  direct  or  inverse.  The 
patient  whose  case  is  described  on  p.  145  never  sneezed 
during  the  application  of  the  cm-rent  to  the  nose,  nor  did  he 
feel  any  inclination  to,  or  aversion  from,  sneezing ;  and  his 
statement  on  the  nature  of  the  smell  was  that  it  was  some- 
thing like  sulphm-  or  phosphorus. 

3.  Organ  of  Hearing. — All  forms  of  electricity  are  able 
to  rouse  the  vital  energy  of  the  auditory  nerve,  which 
responds  to  the  stimulus  by  sounds.  The  best  way  to  make 
the  experiment  is  to  fill  the  external  opening  of  the  ear 
with  water,  or  with  a  moistened  compress  of  lint  or  chamois- 
leather,  and  to  place  an  insulated  sound  with  a  metallic  top, 
and  connected  with  one  of  the  poles  of  the  battery,  or  induc- 
tion apparatus,  into  the  liquid  or  on  the  compress,  the 
circuit  being  closed  by  another  moistened  conductor  which  is 
held  to  the  nape  of  the  neck. 

The  continuous  cmrent  produces  sounds,  not  only  at  its 
commencement  but   also    while  the  circuit   remains  closed 
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and  on  opening  it.  Volta  '  relates,  in  a  letter  to  Sir  Joseph 
Banks,  that  when  he  introduced  the  poles  of  a  pile  of  from 
thirty  to  forty  pairs  into  the  external  meatus,  he  felt  a  shock 
to  his  head,  and  some  moments  afterwards  heard  a  sound,  or 
rather  a  noise,  like  scratching  and  bubbling,  or  like  that  of 
a  viscid  substance  boiling.  This  noise  continued  without 
interruption,  and  became  stronger,  until  the  circuit  was 
opened.  A  variety  of  sounds  may,  however,  be  produced  by 
means  of  a  much  feebler  current,  such  as  is  produced  by  a 
battery  of  three  or  four  pairs. 

Eitter  was  the  first  who  endeavoured  to  distinguish  the 
pitch  of  the  tone  produced  by  the  galvanic  excitation  of  the 
auditory  nerve.  He  states  that,  when  both  his  ears  were 
enclosed  in  the  circuit,  he  felt  at  the  commencement  of  the 
direct  current  a  strong  shock,  and  heard  the  sound  g.  This 
persisted  as  long  as  the  current  continued  to  circulate ;  on 
increasing  its  intensity,  the  sound  became  higher  than  g. 
On  the  contrary,  when  the  inverse  current  was  used,  the 
sound  was  lower  than  g,  and  continued  to  become  lower  in 
proportion  as  the  intensity  was  increased.  Both  sound  and 
shock  were  weak  on  opening  the  circuit,  whether  the  current 
was  direct  or  inverse. 

I  have  made  a  number  of  experiments  with  all  sorts  and 
directions  of  currents,  and  compared  the  sound  produced  by 
the  galvanic  and  faradic  excitation  of  the  auditory  nerve 
with  that  given  by  a  tuning-fork  of  the  present  Philharmonic 
pitch ;  and  I  have  always  found  the  sound  produced  by 
electricity  as  near  as  possible  to  a.  I  have  never  observed 
that  by  changing  the  direction  of  the  current,  or  by  increas- 
ing its  intensity,  the  'pitch  of  the  sound  was  changed ;  the 
only  difference  I  could  perceive  was'  in  the  intensity  of  the 
tone.     It  was  louder  if  the  cathode  was  directed  to  the  ear, 

^  Philosophical  Transactions,  1800,  p.  423. 
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and  the  anode  to  the  nape  of  the  neck,  than  if  the  position 
of  the  electrodes  was  reversed.  The  tone  was  hardly  per- 
ceptible with  a  current  of  low  tension,  and  very  loud  if  this 
was  high  ;  but  the  pitch  invariably  remained  the  same. 

When  the  current  used  is  powerful,  the  auditory  nerve 
responds  to  it,  even  if  one  of  the  poles  of  the  battery  is  not 
in  the  external  meatus  ;  and  it  suffices  to  touch  with  the 
electrodes  any  part  of  the  face  or  head  animated  by  the  fifth 
pair  of  cerebral  nerves.  On  applying  a  current  of  forty  cells  of 
Daniell's  battery,  by  means  of  moistened  conductors,  to  both 
cheeks,  I  not  only  perceive  sensations  of  giddiness,  pricking, 
heat,  taste,  smell,  and  flashes  of  light,  but  I  also  hear  a 
distinct  hissing  sound,  resembling  the  gushing  of  the  wind 
through  the  rigging  of  a  ship.  Whether  the  effect  of  the 
current  on  the  organ  of  hearing  takes  place  by  reflex  action 
from  the  peripheral  branches  of  the  trifacial  to  the  auditory 
nerve,  or  by  direct  transmission  to  the  organ  of  hearing,  is 
not  yet  determined. 

Dr.  Brenner,^  of  St.  Petersburg,  has  made  a  most  extensive 
series  of  researches  on  the  action  of  electricity  upon  the 
auditory  nerve.  According  to  him  the  induced  current  is 
almost  useless  for  experiments  of  this  kind,  because  the 
rapidity  with  which  the  shocks  succeed  each  other  pro- 
duces very  unpleasant  effects  on  the  nerves  of  common 
sensation,  without  acting  upon  the  nerve  of  special  sense. 
A  specific  response  of  the  auditory  nerve  may  nevertheless 
be  obtained,  but  only  by  single  closing  or  opening  shocks 
from  the  induction  apparatus,  the  opening  shocks  being  the 
more  effective  ones.  The  most  convenient  form  of  electricity 
for  acting  on  the  auditory  nerve,  however,  is,  according  to 
him,  the  continuous  current,  not  only  because  it   is  more 

'  Untersuchungen  und  Beobachtungen  iiber  die  Wirkung  elektrischer  Strome 
auf  das  Gehororgan  im  gesiinden  iind  kranken  Zustande.  Leipzig,  1868.  And 
a  number  of  papers  in  diflferent  periodicals  from  1863  to  1872. 
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certain  in  its  effects,  but  also  because  the  different  responses 
of  the  nerve  on  closing  the  circuit,  during  the  time  it  re- 
mains closed,  and  on  opening  it,  may  be  separately  studied  ; 
while  the  induced  current,  which  has  only  an  instantaneous 
duration,  offers  insuperable  obstacles  to  the  true  apprecia- 
tion of  the  phenomena  separately.  The  best  mode  of 
experimentation  is,  to  direct  one  electrode  to  the  external 
meatus,  while  the  other  one  is  placed  to  any  other  part  of 
the  body.  It  matters  not  to  which  part  this  latter  is  directed, 
for  the  phenomena  observed  always  remain  the  same,  if  only 
the  same  electrode  is  in  the  external  meatus. 

The  following  is  the  normal  reaction  of  the  auditory 
nerve :  at  the  cathode  the  nerve  responds  with  sounds  on 
closing  the  circuit,  and  duiing  part  of  the  closed  circuit ; 
while  at  the  anode  the  nerve  answers  only  on  opening  the 
circuit.  If  a  current  of  such  strength  be  used  as  is  proper 
for  physiological  and  therapeutical  experiments,  there  is  no 
response  at  the  anode  when  the  circuit  is  closed  and  while 
the  current  continues  to  pass,  nor  at  the  cathode  when  the 
circuit  is  opened.  On  increasing  the  power  of  the  cm'rent, 
the  response  at  the  cathode  on  closing  appears  first,  and  the 
nerve  answers  somewhat  later  on  opening  at  the  anode  ;  on 
the  other  hand,  if  the  power  of  the  current  be  diminished, 
the  effect  at  the  anode  on  opening  disappears  sooner  than 
the  one -at  the  cathode  on  closing. 

Brenner's  formula  is  expressed  in  symbols  as  follows : — 

CaMaS  =  Cathode,  making,  sound. 

CaClS  7  =  Cathode,  closed  circuit,  sound  gradually 
vanishing. 

CaBrO  =  Cathode,  breaking,  nothing. 

AnMaO  =  Anode,  making,  nothing. 

AnClO  =  Anode,  closed  circuit,  nothing. 

AnBrs  =  Anode,  breaking,  feeble  and  short  sound. 

The  response  at  the  cathode,  on  closing,  appears  at  once 
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in  its  full  intensity,  and  gradually  diminishes  as  the  current 
continues  to  act ;  while  the  response  at  the  anode  on  open- 
ing- is  only  noticed  after  the  current  has  acted  for  a  certain 
length  of  time ;  and,  if  the  circuit  be  opened  soon  after  it 
has  been  closed,  the  response  at  the  anode  on  opening  may 
sometimes  be  entirely  wanting.  If  the  direction  of  the 
current  be  changed  so  that  the  anode  is  replaced  by  the 
cathode,  sounds  may  be  produced  with  a  much  weaker 
current,  which  would  not  produce  any  sound  at  the  cathode, 
on  first  closing  the  circuit ;  the  reason  for  this  being,  that, 
after  the  circuit  has  been  opened  at  the  anode,  the  nerve  is 
in  a  condition  of  increased  excitability.  This  condition  con- 
tinues for  some  time  after  the  opening  at  the  cathode,  so 
that,  if  the  circuit  be  repeatedly  closed  at  the  cathode 
within  a  certain  period,  stronger  sounds  are  produced  than 
at  first ;  or,  which  amounts  to  the  same  thing,  a  less  con- 
siderable galvanic  power  is  sufficient  for  producing  the  specific 
response  of  the  nerve,  on  repeatedly  closing  at  the  cathode, 
than  was  previously  required. 

It  is,  however,  not  only  the  variations  in  the  density  of 
the  current  from  its  maximum  to  zero  which  cause  sounds, 
but  a  response  occurs  likewise  in  consequence  of  variations 
during  the  continuous  passage  of  the  current.  This  obeys  the 
same  law  as  above,  inasmuch  as  a  variation  of  increase  will 
cause  the  effect  on  closing,  the  cathode  being  in  the  meatus ; 
and  a  variation  of  decrease  will  produce  the  response  on 
opening,  the  anode  being  in  the  meatus. 

The  degree  of  response  of  the  auditory  nerve  is  not  only 
affected  by  the  absolute  amount  of  the  variations  of  the 
current,  but  also  by  the  distance  at  which  they  are  from 
zero ;  and,  with  a  current  that  is  at  all  effective,  it  will  be 
found  that  the  less  powerful  the  original  force  of  the  current 
was,  the  slighter  may  be  the  variations  which  will  induce  a 
response  of  the  nerve. 


CHAP.  u.  THE  EAE  187 

The  sounds  caused  by  the  galvanic  excitation  of  the  audi- 
tory nerve  vary  in  kind  and  intensity,  according  to  the 
peculiarity  of  the  person  experimented  upon,  and  according 
to  the  intensity  of  the  current.  They  are  described  as 
humming,  hissing,  rolling,  whistling,  ringing,  &c.  The 
last  named  sensation  is  the  one  most  frequently  experienced, 
and  when  in  its  full  development  becomes  a  clear  tone,  the 
pitch  of  which  may  be  musically  determined,  and  which 
varies  in  different  persons.  Some  people  perceive,  when  the 
power  of  the  current  is  increased,  a  regular  scale  of  auditive 
sensations,  proceeding  from  '  humming '  ■  through  all  the 
varieties  mentioned  above  to  '  ringing,'  and  who  hear  '  sounds ' 
with  low  power,  but  '  tones  '  with  high  power. 

An  increase  of  the  intensity  of  the  cui'rent  raises  the 
pitch  when  the  auditory  nerve  is  under  the  influence  of  the 
cathode,  and  lowers  it  when  the  nerve  is  under  the  influence 
of  the  anode. 

Brenner's  publications  have  given  rise  to  an  animated 
discussion,  which  was  commenced  by  Dr.  Schwartze,'  of 
Halle,  who  pronounced  Brenner's  statements  to  be  altogether 
erroneous,  and  utterly  devoid  of  value  in  a  diagnostic,  prog- 
nostic, and  therapeutical  point  of  view.  He  was  answered 
by  Dr.  Hagen,^  of  Leipzig,  who  confirmed  Brenner's  state- 
ments in  almost  every  particular  ;  and  by  Brenner  himself,^ 
who  contended  that  Schwartze's  '  experiments  of  control ' 
had  been  made  without  any  regard  to  the  mode  of  experi- 
mentation recommended  by  himself,  and  were  therefore 
worthless.  Dr.  Sycyanco,^  of  Cracow,  has  come  to  the  con- 
clusion that  the  continuous  current  produces  no  response  of 
the  auditory  nerve  at  all,  neither  on  opening  nor  on  closing 
the  circuit,  and  neither  at  the  anode  nor  at  the  cathode  ! 

»  Archiv  der  Ohrenheilkunde,  1865,  Bd.  i.  Heft  1. 

^  Electro-otiatrische  Studien.     Leipzig,  1866. 

^  Virchow's  Archiv,  1867,  Bd.  xxxi. 

*  Deutsclies  Archiv,  etc.,  von  Ziemssen  und  Zenker,  1867,  Bd.  iii.  Heft  6. 
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Erb  and  Poorten  have  lately  entered  the  lists  for  Brenner, 
and  Benedict,  Wreden,  and  Cyon  against  him.  But  the 
subject  is  not  of  sufficient  importance  for  us  to  describe  all 
the  phases  of  this  tedious  controversy.  Wreden  ^  has  endea- 
voured to  prove  that  the  acoustic  phenomena  produced  by 
galvanisation  depend  upon  a  displacement  of  the  ossicles  of 
the  ear,  which  is  caused  by  contraction  of  the  internal 
muscle  of  the  hammer,  or  the  stapedius.  If  this  view  were 
ultimately  confirmed,  it  would  be  shown  that  the  galvano- 
acoustic  phenomena  are  owing  to  the  current  acting,  not 
upon  the  auditory  nerve,  but  upon  the  portio  dura.  At  the 
present  time,  however,  the  passion  which  has  been  singularly 
enough  imported  into  this,  to  most  men,  somewhat  dry  sub- 
ject, renders  any  reconciliation  between  the  actual  com- 
batants impossible,  and  we  must  therefore  wait  for  further 
researches  on  the  part  of  unbiassed  observers  before  pro- 
posing any  definite  views  on  this  subject  for  the  acceptance 
of  the  profession. 

The  action  of  faradism  upon  the  membrana  tympani 
presents  some  differences  according  to  the  tension  of  the 
electricity  used,  and  the  greater  or  less  velocity  with  which 
the  shocks  succeed  each  other.  A  single  shock  from  an 
induction  apparatus  produces  a  noise  like  a  scratch ;  if  the 
currents  succeed  each  other  rapidly,  the  noises  do  so  likewise, 
and  then  resemble  the  buzzing  of  a  fly  on  a  window,  or  the 
blowing  of  a  distant  trumpet.  At  the  same  time  a  sensation 
of  pricking  and  pain  is  perceived,  if  the  current  be  of  high 
tension.  The  negative  pole  is  more  effective  in  the  pro- 
duction of  the  acoustic  phenomena  than  the  positive. 

By  faradisation  of  the  membrana  tympani  in  the  living 
man  two  other  phenomena  are  produced,  viz.  a  slight  and 
unpleasant  metallic  taste,  and  a  more  or  less  abundant  flow 

>  Petersburger  Medicin.  Zeltschrift,  1870,  p.  526. 
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of  saliva.  The  former  of  these  has  been  noticed  by 
Duchenne  ^  and  Baierlacher ;  ^  the  latter  was  discovered  by 
myself  in  1858. 

The  production  of  the  peculiar  sensation  of  taste  which 
is  caused  by  faradisation  of  the  drum  of  the  ear,  is  due  to 
stimulation  of  the  trunk  of  the  chorda  tympani,  which, 
after  having  emerged  from  the  cavity  of  the  tympanum 
through  the  fissura  Glaseri,  descends  towards  the  lingual 
nerve,  in  the  sheath"  of  which  it  enters,  and  then  proceeds 
towards  the  tongue.  It  is  therefore  proved  by  electro- 
physiological observations  that  the  chorda  tympani  con- 
tributes to  the  perception  of  taste  ;  and  clinical  experience 
has  confirmed  this  fact ;  since  in  certain  cases  of  paralysis 
of  the  portio  dura,  loss  or  diminution  of  taste  has  been 
observed,  together  with  palsy  of  the  muscles  of  the  face  ; 
this  loss  of  taste  exists  only  on  the  affected  side,  and  usually 
disappears  at  the  same  time  with  the  other  symptoms  of 
paralysis  of  the  portio  dura.  Several  cases  of  this  kind 
have  been  recorded  by  Sir  William  GrulP  and  others. 

A  not  less  interesting  phenomenon  is  the  flow  of  saliva 
produced  by  galvanisation  and  faradisation  of  the  drum  of 
the  ear.  My  attention  was  directed  to  this  fact  in  the 
following  way : — Having  often  used  electricity  in  patients 
suffering  from  nervous  deafness,  I  noticed  that  during  the 
operation  movements  of  deglutition  occurred.  I  then 
experimented  on  myself,  with  the  view  of  ascertaining  the 
cause  of  these  movements,  and  found  that,  if  a  current  of 
somewhat  high  tension  was  caused  to  act  upon  the  chorda 
tympani,  the  saliva  began  to  flow  more  or  less  abundantly ; 
the  effect  being  more  marked  with  the  continuous  than  with 

'  De  I'Electrisation  localisee  et  de  son  application  a  la  physiologie,  a  la  patho- 
logie  et  la  therapeutique.     Paris,  1855,  p.  809. 

2  Die  Inductions-Elektricitat.     Niirnberg,  1857,  p.  98. 

^  A  further  report  on  the  value  of  electricity  as  a  remedial  agent,  in  Guy's 
Hospital  Reports,  1852,  vol.  viii.  part  i.  p.  81. 
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the  induced  current.  This  effect  is  due  to  electric  stimula- 
tion of  those  fibres  of  the  chorda  which  do  not  proceed 
towards  the  tongue  with  the  lingual  nerve,  but  are  detached 
from  its  principal  portion,  and  penetrate  into  the  submaxil- 
lary ganglion.  The  saliva,  therefore,  which  is  observed  to 
flow  when  the  chorda  tympani  is  electrified,  is  secreted  in 
the  submaxillary  gland. 

Faradisation  of  the  membrana  tympani  likewise  produces 
contractions  of  the  muscles  of  the  tympanum  ;  and 
Lowenberg  ^  has  devised  a  method  of  rendering  these  visible 
by  employing  a  manometer.  A  piece  of  cork  or  india- 
rubber  is  made  to  fit  hermetically  into  the  external  meatus  ; 
and  receives,  likewise  hermetically,  a  capillary  glass-tube 
containing  a  drop  of  coloured  liquid.  This  shows,  by  its 
movements,  the  fluctuation  of  water  in  the  meatus.  The 
current  is  applied  by  means  of  a  copper  wire,  the  inner  end 
of  which  is  in  contact  with  the  water  in  the  meatus,  while 
its  outer  end  is  connected  with  one  of  the  poles  of  the 
apparatus.  The  circuit  is  closed  by  inserting  the  other 
electrode  into  the  Eustachian  tube,  or  placing  a  moistened 
sponge-conductor  on  the  skin  in  the  neighbourhood. 

"Wreden  has  asserted  that,  when  the  faradic  current  is 
made  to  act  upon  the  middle  ear,  the  membrana  tympani 
is  retracted.  Poorten  has  denied  this,  and  Lowenberg  has 
endeavoured  to  settle  the  question  by  the  use  of  the  mano- 
meter. The  fluid  in  the  meatus  must  undergo  a  change  of 
position,  if  any  alteration  in  the  shape  of  the  membrana 
tympani  occur  from  faradic  contractions  of  the  muscles  of  the 
middle  ear.  The  column  of  water  in  the  manometer  falls  when 
the  membrana  tympani  is  retracted,  and  rises  if  it  be  pushed 
outwards.  Lowenberg  considers  this  retraction  as  probably 
caused  by  contraction  of  the  tensor  tympani  muscle  rather 
than  by  that  of  the  stapedius. 

'  Monatsschrift  fiir  Ohrenheilkunde,  No.  8,  1872. 
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4.  Organ  of  Taste. — That  a  peculiar  sensation  of  taste  is 
perceived  when  the  tongue  is  touched  by  two  heterogeneous 
metals,  had  been  known  long  before  the  discovery  of 
galvanism.  M.  Sulzer  ^  appears  to  have  been  the  first  whose 
attention  was  directed  to  this  circumstance.  In  a  paper 
published  by  him  in  the  Eeports  of  the  Berlin  Academy  of 
Sciences,  in  1754,  the  following  remarks  occur:  'If  a  piece 
of  lead  and  a  rod  of  silver  be  connected  with  one  another, 
and  approached  to  different  parts  of  the  tongue,  a  sensation 
of  taste  is  experienced  which  resembles  that  produced  by 
vitriol  of  iron  ;  while,  if  we  employ  either  of  these  metals 
alone,  no  taste  at  all  is  perceived.  It  is  probable  that  by 
the  connection  of  the  two  metals  a  vibration  is  produced  in 
the  smallest  particles,  either  of  the  lead  or  the  silver  or  of 
both  ;  and  that  this  vibration,  which  must  necessarily  affect 
the  nerves  of  the  tongue,  produces  the  taste  described.' 
This  is  in  so  far  interesting,  as  it  is  in  all  probability  the 
first  observation  ever  made  on  the  physiological  effects  of 
galvanic  electricity. 

If  a  single  pair  of  zinc  and  silver  be  applied  to  the  tongue, 
the  zinc  being  directed  to  the  tip,  and  the  silver  to  the 
back,  of  that  organ,  a  strongly  acid  taste  is  produced  under 
the  zinc,  and  a  feebly  alkaline  taste  under  the  silver  plate. 
These  sensations  occur  not  only  at  the  commencement  and 
at  the  cessation  of  the  current,  but  also  while  the  circuit 
remains  closed.  The  effect  is  most  striking  when  the 
tongue  is  at  its  ordinary  temperature,  and  when  the  metals 
have  the  same  temperature  as  the  tongue.  When  either 
the  metals,  or  the  tongue,  or  both,  are  heated  or  cooled,  as 
far  as  can  be  borne  without  inconvenience,  scarcely  any 
sensation   is   produced ;  and   whatever   has   a   tendency  to 


'  '  Kecherclies  sur  I'origine   des   sentimens  agr^ables   et  desagreables,'    in 
Histoire  de  I'Academie  des  Sciences  et  Belles-Lettres  de  Berlin,  1754,  p.  356. 
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blunt  the  sensibility  of  the  tongue,  such  as  acids,  pepper, 
laudanum,  spirits,  &c.,  diminishes  the  effects  of  galvanism. 

Volta  found  that  if  a  chain  was  formed  of  several  persons, 
one  touching  with  his  finger  the  tongue  of  his  next  neigh- 
bour, and  so  on,  while  each  of  the  two  who  formed  the  first 
and  last  link  of  the  chain  took  hold  of  one  of  the  poles  of 
the  battery,  every  person  in  the  chain  perceived  a  distinct 
sensation  of  taste. 

M.  Tripier'  has  directed  attention  to  the  circumstance 
that  when  the  tongue  is  not  in  direct  communication  with 
the  electrodes — as  for  instance,  when  one  moistened  con- 
ductor is  placed  to  the  right,  and  the  other  to  the  left 
cheek — the  taste  is  neither  acid  nor  alkaline,  but  metallic. 
This  taste  persists  longer  after  the  circuit  is  opened  than 
when  the  tongue  itself  is  galvanised,  and  becomes  stronger 
at  the  moment  of  breaking  the  circuit,  which  is  likewise 
not  the  case  when  the  tongue  is  directly  galvanised. 

I  have  frequently  observed  that  a  metallic  taste,  such  as 
of  copper  or  iron,  is  produced  when  the  positive  pole  of  the 
battery  is  applied  to  the  sacrum,  and  the  negative  to  the 
nape  of  the  neck.  The  sensation  of  taste  gradually  increases 
as  the  current  continues  to  circulate,  becomes  very  distinct 
at  the  moment  of  breaking  the  circuit,  and  often  continues 
in  a  modified  manner  from  five  to  fifteen  minutes  after  the 
current  has  ceased  to  act.  Sometimes  it  persists  for  twenty- 
four  hours,  or  even  longer,  after  the  application.  Sensitive 
persons  feel  it  if  the  current  be  applied  to  the  nerves  of  the 
lower  extremities,  showing  the  facility  with  which  portions 
of  the  current  may  travel  to  nervous  districts  at  a  consider- 
able distance  from  the  point  of  application.  A  lady  suffer- 
ing from  hysteria  and  amenorrhoea,  who  was  some  time 
ago  under  my  care,  felt  the  galvanic  taste  distinctly  when 

'  Electrolyse  et  K&olution;  Tribune  medicale.     Paris,  octobre  1868. 
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the  negative  electrode  was  applied  to  the  cervix  uteri,  and 
the  positive  to  the  abdominal  parietes.  On  some  days, 
however,  this  patient  did  not  feel  the  taste,  although  the 
galvanic  arrangement  remained  exactly  the  same ;  while  on 
other  days  the  taste  appeared  at  once,  even  when  the 
current  used  was  so  feeble  that  the  ordinary  pricking  sensa- 
tion on  the  skin  of  the  abdomen  was  not  felt.  This  seems 
to  show  that  there  are  certain  conditions  of  the  nervous 
system,  in  which  the  galvanic  current  is  more  easily  trans- 
mitted to  the  base  of  the  brain  than  under  ordinary  circum- 
stances. 

A  powerful  continuous  current  applied  directly  to  the 
tongue,  produces  not  only  a  specific  sensation  of  taste,  but 
also  a  flash  of  light,  pain  in,  and  commotions  of,  the  tongue. 
The  induced  current  produces  only  pain  and  muscular  con- 
tractions, but  no  taste.  The  action  of  frictional  electricity 
on  the  tongue  resembles  that  produced  on  it  by  galvanism. 
Fowler  has  compared  the  taste  caused  by  common  electric 
sparks  to  the  taste  of  vinegar,  and  that  produced  on  it  by 
galvanism  to  the  taste  of  diluted  sulphuric  acid. 

The  influence  of  electricity  upon  the  tongue  has  been 
explained  in  various  ways.  The  most  natural  supposition 
is  that  the  taste  arises  from  a  peculiar  condition  of  the 
gustatory  nerves  produced  by  electricity,  just  as  the  retina 
responds  to  the  galvanic  stimulus  by  a  flash  of  light,  and 
the  auditory  nerve  by  sounds.  On  the  other  hand,  the 
differences  in  the  taste  beneath  the  two  electrodes  have 
suggested  the  idea  that  the  effect  is  due  to  an  electrolytic 
decomposition  of  the  salines  contained  in  the  saliva  ;  as  from 
the  chlorides  of  potassium  and  sodium  which  are  contained 
in  that  liquid,  chlorine  or  hydrochloric  acid  would  be  evolved 
at  the  positive  pole,  whence  the  acid  taste  ;  and  potash  and 
soda  at  the  negative  pole,  whence  the  alkaline  taste.  But 
this  view  does  not  explain  the  circumstance  that  an  extremely 
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feeble  current,  the  positive  pole  of  which  does  not  even 
redden  litmus-paper,  nevertheless  produces  a  distinct  sensa- 
tion of  taste  ;  while  highly  diluted  acids  will  visibly  redden 
litmus-paper,  even  if  they  are  so  weak  that  they  cannot  by 
taste  be  distinguished  from  distilled  water.  Frictional 
electricity,  which  possesses  only  very  feeble  chemical  pro- 
perties, yet  produces  a  marked  sensation  of  taste  ;  and  Volta 
has  observed  that  an  acid  taste  was  perceived  under  the 
zinc  pole,  even  when  the  mucous  membrane  of  the  tongue 
was  in  contact  with  an  alkaline  solution,  by  which  the  acid, 
which  might  have  been  formed,  would  immediately  become 
neutralised,  so  as  to  produce  no  physiological  effect  at  all. 
Another  important  fact  which  is  opposed  to  the  electrolytic 
theory,  is  one  observed  by  Monro,  viz.  that  the  taste  is 
perceived,  not  only  when  the  metals  are  directly  applied  to 
the  tongue,  but  also  when  pieces  of  raw  or  boiled  meat  are 
placed  between  the  electrodes  and  that  organ.  Now,  if  the 
acids  and  alkalies  deposited  by  electrolysis  on  the  tongue 
were  really  the  cause  of  the  taste,  this  latter  ought  only  to 
be  perceived  when  the  tongue  is  in  direct  contact  with  the 
electrodes  ;  since  it  is  a  well-known  fact,  that  the  electrolytic 
deposition  of  acids  and  alkalies  does  not  take  place  within 
the  electrolyte  itself,  but  merely  at  the  ends  of  the  electrodes. 
Eosenthal,'  who  has  recently  investigated  this  subject,  has 
observed  that,  if  the  anode  of  a  galvanic  battery  be  sur- 
rounded with  a  piece  of  blue  litmus-paper  moistened  with 
distilled  water,  and  then  be  placed  on  the  tip  of  the  tongue, 
the  acid  appears  at  first  only  on  that  side  of  the  litmus- 
paper  which  is  turned  towards  the  metal,  and  not  on  that 
which  touches  the  tongue  ;  for  if  the  current  acts  for  a  very 
short  time,  a  red  spot  is  seen  on  the  side  turned  towards  the 
metal,  while  there  is  no  change  of  colour  on  the  opposite 
side.     Nevertheless,  the  acid  taste  is  perceived  immediately 

•  TJeber  den  elektrischen  Geschmack.     Du  Bois-Eeymond's  and  Eeichert's 
Arcliiv,  1860,  p.  217. 
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on  closing  the  circuit,   that    is,  before  the  surface  of  the 
tongue  is  in  contact  with  an  acid  solution. 

Eosenthal  also  made  the  following  experiment : — The 
poles  of  a  Daniell's  battery  of  from  one  to  four  pairs  were 
connected  with  zinc  plates  immersed  in  two  small  vessels 
filled  with  a  solution  of  sulphate  of  zinc.  These  vessel-s 
were  connected,  by  means  of  syphon-tubes,  with  two  other 
vessels,  one  of  which  was  filled  with  a  solution  of  table-salt, 
and  the  other  with  distilled  water.  A  cushion  of  blotting- 
paper,  moistened  with  distilled  water,  was  made  to  emerge 
from  the  latter  vessel ;  and  a  contrivance  was  interpolated  iuto 
the  circuit  which  allowed  the  experimenter  rapidly  to  change 
the  direction  of  the  current.  If,  therefore,  one  hand  was 
immersed  into  the  solution  of  table-salt,  and  the  paper 
cushion  was  touched  with  the  tip  of  the  tongue,  the  current 
could  be  made  to  travel  either  from  the  tongue  to  the 
cushion,  or  in  the  opposite  direction.  A  piece  of  blue  and 
another  of  red  litmus-paper  were  then  placed  on  the  cushion, 
so  that  both  touched  the  tongue  ;  and  it  was  found  that  the 
blue  paper  remained  unchanged,  while  the  red  one  was 
rendered  slightly  blue  by  the  alkaline  buccal  mucus.  This 
occurred  with  both  directions  of  the  current ;  and  it  was 
therefore  proved  that  no  perceptible  quantity,  either  of  acid 
or  alkali,  is  set  free  between  the  tongue  and  the  cushion. 
Nevertheless,  the  sensation  of  taste  was  eminently  acid  when 
the  current  moved  from  the  cushion  to  the  tongue,  and 
feebly  alkaline  when  it  travelled  in  the  opposite  direction. 

Eosenthal  found  that  the  acid  taste  is  not  only  more 
intense,  but  also  more  rapidly  perceived  on  closing  the 
circuit,  while  the  alkaline  taste  is  more  gradually  developed 
as  the  current  continues  to  act.  The  acid  taste  persists  a 
short  time  after  the  circuit  is  broken,  while  the  alkaline 
taste  disappears  immediately  afterwards.  If  the  direction 
of  the  current  be  suddenly  reversed,  the  alkaline  taste  yields 
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at  once  to  the  acid,  while  the  acid  taste  only  gradually  merges 
into  the  alkaline. 

The  deposition  of  free  acid  or  alkali  on  the  surface  of 
the  tongue  is,  therefore,  not  a  necessary  condition  for  the 
perception  of  the  galvanic  taste.  The  only  objection  that 
might  yet  be  raised  against  this  conclusion  would  be,  that 
Du  Bois-Reymond  has  shown  polarisation  to  take  place  on 
the  point  of  contact  of  two  electrolytes ;  and  that  therefore 
acid  or  alkali  might  be  set  free  at  the  end  of  the  tongue  or 
the  cushion.  But  this  objection  is  overruled  by  Volta's 
experiment,  already  mentioned,  which  shows  that  the 
chemical  composition  of  the  liquid  which  is  in  contact  with 
the  tongue  has  no  influence  on  the  perception  of  taste,  since 
an  alkaline  fluid  has  an  acid  taste,  when  the  galvanic  current 
is  made  to  pass  from  it  to  the  tongue.  Rosenthal  has,  how- 
ever, made  a  special  experiment  to  prove  that  polarisation 
has  nothing  to  do  with  the  production  of  the  phenomenon  : — 
One  of  two  persons  takes  hold  of  the  anode  and  the  other 
one  of  the  cathode  of  the  battery,  after  which  they  touch 
each  other  by  the  tips  of  their  tongues  ;  the  one  who  holds 
the  cathode  then  perceives  the  acid,  and  the  other  one,  who 
holds  the  anode,  feels  the  alkaline  taste.  In  this  experi- 
ment both  persons  are  under  similar  conditions,  except  as 
far  as  the  direction  of  the  current  in  their  tongues  is  con- 
cerned. This  is  the  reverse  in  each,  and  both  perceive  the 
opposite  taste,  although  one  tongue  touches  the  other,  and 
therefore  the  same  capillary  layer  of  liquid  covers  either 
tongue.  It  is  therefore  evident  that  the  electrolytic  theory 
of  the  galvanic  taste  is  untenable.  The  long  persistence  of 
the  taste  after  the  current  has  been  applied  in  a  peculiar 
manner  (p.  192)  is  likewise  utterly  opposed  to  this  theory. 
Prof.  Schonbein  ^  has  suggested  another  explanation.     He 

'  Ueber  einige  mittelbare  physiologische  Wirkungen  der  atmospharischen 
Elfktricitiit.    Henle  und  Pfeufer's  Zeitschrift,  1851,  Heft  iii.  p.  385. 
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supposes  that  by  the  galvanic  current  air  becomes  decom- 
posed, and  that  at  the  anode  oxygen  and  nitrogen  combine 
to  form  nitric  acid,  which  would  produce  the  acid  taste. 
But  Schonbein  does  not  explain  the  cause  of  the  alkaline 
taste  which  is  perceived  under  the  cathode ;  and  the  action 
of  a  single  galvanic  pair,  or  of  a  few  and  small  electric  sparks 
on  air,  could  not  possibly  form  a  sufficient  quantity  of  nitric 
acid  to  produce  an  acid  taste,  more  especially  if  the  elec- 
trodes be  directed  to  the  nape  of  the  neck.  We  are  there-  | 
fore  led  to  the  final  conclusion  that  the  galvanic  taste  is  due  ! 
to  the  vital  property  of  the  gustatory  nerves  being  roused 
by  electricity. 

v.— ACTION   OF  ELECTRICITY  UPON  THE  MOTOU 
NERVES   AND   MUSCLES. 

Experiments  on  Animals. — If  a  continuous  current  be 
directed  to  a  motor  nerve  of  a  recently-killed  animal,  all  the 
muscles  animated  by  this  nerve  are  seen  to  contract,  on 
closing  as  well  as  on  opening  the  circuit,  whether  the 
current  be  direct  or  inverse.  Care  must  be  taken,  however, 
that  the  electrodes  connected  with  the  poles  of  the  battery 
be  placed  at  two  points  of  the  nerve  which,  although  they 
may  be  near  each  other,  are  at  a  different  height,  so  that 
the  electric  current  may  traverse  the  nerve  in  an  oblique 
direction.  If  the  current  were  to  pass  transversely  through 
the  nerve,  one  electrode  being  applied  to  the  right  and  the 
other  to  the  left  side  of  it,  at  the  same  point  of  its  trans- 
verse section,  no  contractions  would  take  place. 

Luigi  Gralvani,^  of  Bologna,  first  observed,  in  1786,  that 
when  the  nerves  and  muscles  of  a  frog  were  connected  by 
means    of  an  arc   composed  of  two  different   metals,  the 

'  De  viribus  electricitatis  in  motu  musculari  commentarius.  Bologna,  1791, 
This  essay  was  pulilished  five  years  after  Galvaai  had  made  his  first  discovery. 
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muscles  were  convulsed.  Soon  after  Gralvani's  discovery  had 
been  made  known,  Volta  *  found  that  contractions  likewise 
look  place  if  the  nerves  alone  were  enclosed  in  the  circuit. 
In  their  first  experiments,  Gralvani  and  Volta  noticed  only 
the  contraction  produced  on  establishing  the  circuit ;  but 
another  Italian  philosopher,  Valli,^  soon  afterwards  observed 
another  contraction  caused  by  breaking  it.  It  has  lately 
been  asserted  by  M.  Dumeril,^  that  these  observations  had 
been  made  a  long  time  ago  by  a  Dutch  philosopher,  Swam- 
merdam,  who  had  shown  the  experiment  to  the  Grrand  Duke 
of  Tuscany  in  1668.  Dumeril's  assertion  has  been  repeated 
by  Matteucci  and  Dr.  Grolding  Bird ;  but  a  careful  analysis 
of  Swammerdam's  experiments  shows  that  the  contractions 
he  observed  were  produced  by  a  mechanical  irritation  of  the 
nerve,  and  not  by  galvanism. 

The  galvano-muscular  contractions  do  not  take  place  in 
consequence  of  the  motor  nerves  simply  conducting  the 
electric  fluid  to  the  muscles ;  although  the  nerves  are  un- 
questionably conductors  of  electricity.  But  the  mere  con- 
ductivity of  the  nerves  does  not  explain  the  physiological 
effect  produced  by  their  electric  stimulation  ;  for  if  a  wet 
thread  be  tightly  applied  to  a  nerve  so  that  it  becomes  thin 
and  reduced  to  its  neurilemma,  no  contractions  can  be  caused 
in  the  muscles  animated  by  it,  on  applying  the  electrodes 
above  the  point  where  the  nerve  has  been  tied  ;  although 
by  such  a  proceeding  the  propagation  of  electricity  is  not 
arrested,  since  the  wet  thread  conducts  equally  well  as  the 
nerve.  Again,  a  few  drops  of  ether  applied  to  any  point  of  the 
nerve  will  suspend  the  contractions  of  the  muscles,  if  the 
electrodes  be  placed  above  or  at  the  point  where  the  ether 
has  been  applied ;  the  contractions,  however,  will  reappear 

'  CoUezione  dell'  opere  del  Cavaliere  Conte  Alessandro  Volta.  Florence, 
1816,  vol.  iv.  p.  134. 

^  Keinhold,  Geschiehte  des  Galvanismus,  etc.  1792,  p.  25. 

^  Annales  des  Sciences  naturelles,  2"  s^rie.  Zoologie.  Paris,  1840,  vol.  xiii. 
p.  65. 


CHAP.  n.  MOTOE  NERVES  AND  MUSCLES  199 

when  the  effects  of  the  ether  have  passed  off.     Finally,  if 
the  nerves  of  a  frog  be  galvanised  which  has  been  poisoned 
by  woorara,  no  contraction  occurs  in  the  muscles  animated 
by  these  nerves  ;  although  woorara  does  not  affect  the  elec- 
tric conductivity  of  the  nerves,  which  remains  intact ;  nor 
the  contractile  power  of  the  muscles,  for  they  are  seen  to 
suffer  commotions  if  the  electric  current  is  applied  directly 
to  their  tissue  without  the  intervention  of  the  nerves ;  but 
the  contraction  fails  to  appear  because  woorara  destroys  that 
peculiar  force  by  which  the  nerves  are  enabled  to  produce 
the  play  of  the  muscles.     Hence  it  results  that  contractions 
of  the  TTiuscles  cannot  be  produced  by  galvanic  stimulation 
of  the  motor  nerves,  unless  the  nerves  be  in  a  state  of  in- 
tegrity ;  and  that  the  galvanic  current  acts  in  this  manner 
by  rousing  the  vital  properties  of  the  motor  nerves.     The 
visible  physiological  effect  in   the   muscles   occurs   at  the 
moment  when  the  density  of  the  current  suddenly  rises  from 
zero  to  a  certain  height,  as  is  the  case  on  making  the  cir- 
cuit ;  and,  again,  when  the  density  of  the  cm-rent  descends 
from  a  certain  height  to  zero,  as  is  the  case  on  breaking  the 
circuit.      Proceeding  from  these  facts,  Du  Bois-Eeymond  ^ 
has  laid  down  an  electro-physiological  law  for  the  motor 
nerves,  which  he  has  proposed  in  the  following  terms  : — 
'  The  motor  nerve  is  not  excited  by  the  absolute  amount  of 
the  density  of  the  current,  but   merely  by  the  variations 
which  occur  in  the  density  of  the  current  from  one  instant  to 
the  other ;  and  the  physiological  effect  is  the  greater,  the 
more  considerable  are  the  variations  of  the  density  of  the 
current ;    that  is,   in   proportion  as    they  take    place  more 
rapidly,  or  as  they  are  more  considerable  in  a  given  space  of 
time.'     This  affords  a  striking  analogy  to  the  development 
of  induction  currents  in  coils   of  wires  connected  with  the 
poles  of  a  battery ;  since  induction  currents  are  only  pro- 

'  Uutersuchungen  iiber  thierische  Elektricitat.     Berlin,  1848,  vol,  i.  p.  258. 
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duced  on  making  and  breaking  the  circuit  of  the  battery, 
but  not  while  it  remains  closed. 

By  Du  Bois-Eeymond's  law  it  is  easy  to  explain  a  number 
of  phenomena  which  had  been  observed  a  long  time  ago. 
Physiological  effects  may  be  obtained  by  minor  variations  in 
the  density  of  the  current  ;  for  instance,  if  the  power  of  the 
current  traversing  a  motor  nerve  be  suddenly  increased ;  or 
if  another  current  be  suddenly  brought  to  bear  upon  a  nerve 
which  is  already  traversed  by  a  continuous  current ;  or  if  a 
portion  of  the  current  passing  through  a  nerve  be  suddenly 
diverted  into  another  channel.  Variations  of  this  kind  are, 
however,  not  so  considerable,  and  the  physiological  effect  is 
therefore  not  so  striking,  as  that  observed  on  closing  or 
opening  the  circuit. 

It  is  also  easy  to  understand  from  Du  Bois-Eeymond's 
law  the  action  of  faradisation  upon  the  motor  nerves  and 
muscles.  Induction  currents  are  instantaneous  ;  they  con- 
sist of  great  and  sudden  variations,  which  succeed  each  other 
more  or  less  rapidly,  in  consequence  of  the  commencement 
and  the  cessation  of  the  battery  current,  and  the  magneti- 
sation and  the  demagnetisation  of  the  soft  iron.  A  single 
induction  shock  has  the  same  effect  as  the  continuous  cur- 
rent on  opening  or  closing  the  circuit.  A  contraction 
appears  in  consequence  of  the  disturbance  of  the  molecular 
equilibrium  of  the  nerve  ;  and  the  muscle  becomes  relaxed 
immediately  afterwards.  But  when  induction  currents  suc- 
ceed each  other  rapidly,  as  in  the  machines  used  for  medical 
application,  the  contractions  caused  by  them  likewise  occur 
in  quick  succession,  and  there  is  no  time  for  perceptible  re- 
laxation. With  a  certain  rapidity  of  the  shocks,  the  con- 
traction appears  continuous,  as  if  produced  by  the  will ;  but 
this  apparently  continuous  contraction  consists  only  of  a 
very  quick  succession  of  single  contractions,  the  intervals 
between  which  are  too  short  to  be  distinguished. 
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Du  Bois-Eeymond's  law  was  for  some  time  "believed  to  be 
the  absolutely  correct  expression  of  these  conditions,  but  the 
later  researches  of  Pfliiger,  Von  Bezold,  and  others,  have 
caused  certain  modifications  of  the  same  to  be  adopted. 

Pfliiger^  has  shown  that,  although  the  chief  effect  is  pro- 
duced by  variations  of  the  density  of  the  current,  a  feeble 
and  perfectly  constant  current  may,  under  certain  circum  ^ 
stances,  become  a  stimulant.  The  nerve  is,  according  to 
him,  excited  as  soon  as  any  external  force  changes,  with  a 
certain  rapidity,  the  molecular  condition  of  the  nerve, 
whereas  a  stationary  condition  of  the  same  is  incompatible 
with  stimulation.  Now,  during  the  whole  of  the  time  that 
the  current  traverses  the  nerve,  this  latter  is  subjected  to 
electrolysis,  and  its  molecules  therefore  must  undergo  con- 
stant motion.  They  therefore  cannot  continue  at  rest,  and 
tetanus  during  the  passage  of  the  current  is  produced.  That 
only  a  feeble  current  should  produce  tetanic  irritation, 
while  a  powerful  current  is  unable  to  accomplish  this,  is 
explained  by  Pfliiger  in  this  manner :  the  stronger  the 
intensity  of  the  cm-rent,  the  greater  becomes  the  anelectro- 
tonic  zone  of  the  nerve  (vide  electrotonus),  in  which 
excitability  is  diminished,  while  a  feeble  current  acts  upon 
a  zone,  the  excitability  of  which  is  augmented. 

Von  Bezold^  has  followed  up  Pfliiger's  investigations,  and 
arrived  at  the  conclusion  that  the  motor  nerve  is  not 
excited  by  variations  which  occur  in  the  density  of  the 
current  from  one  instant  to  another  ;  but  that  on  closing 
the  circuit  the  effect  is  produced  by  the  current  traversing 
the  nerve  in  a  perfectly  constant  manner  ;  and  that  on  ojoen- 
ing  the  circuit,  the  same  takes  place  in  consequence  of 
disturbed  molecular  equilibrium  in  the  nerve,  which  per- 
sists for  some  time  after  the  circuit  has  been  opened. 

*  Untersuchungen  iiber  die  Physiologic  des  Electrotonus.     Berlin,  1859, 
^  Untersuehungen  iiber  die  electrische  Erregung  der  Nerven  und  Muskeln. 
Leipzig,  1861. 
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He  believes  that  the  action  of  the  continuous  current  is 
in  reality  due  to  its  chemical  action  upon  the  nerves  and 
muscles,  while  the  induced  current  differs  altogether  from 
the  continuous  current,  and  has  more  complicated  effects. 
Each  single  shock  from  an  induction  machine  is  composed 
of  three  different  acts,  which  have  to  be  separately  consi- 
dered ;  viz.  the  rise,  the  flow,  and  the  fall  of  the  density  of 
the  current. 

Influence  of  intensity  and  direction. — If  a  feeble  con- 
tinuous current  be  applied  to  a  nerve,  this  latter  may  retain 
its  excitability  very  long,  and  is  not  destroyed,  as  by 
mechanical  and  chemical  stimulation.  But  if  the  current 
be  powerful,  the  nerve  is  cauterised  by  the  chemical  action 
of  the  battery,  especially  at  the  point  where  the  cathode  has 
touched  the  nerve,  for  by  electrolysis  of  the  salines  con- 
tained in  the  latter,  caustic  alkali  is  set  free  at  the  cathode. 
If,  therefore,  a  nerve  to  which  such  a  current  has  been 
applied,  be  afterwards  again  subjected  to  the  action  of  a 
feeble  continuous  or  an  induced  current,  above  or  at  the 
point  to  which  the  cathode  has  been  directed,  no  effect  is 
produced  ;  but  if  the  same  nerve  be  galvanised  or  faradised 
at  a  point  nearer  to  the  muscle,  and  beneath  the  cathode, 
the  muscles  animated  by  it  may  again  be  caused  to  contract. 
A  wire  rendered  incandescent  by  voltaic  electricity  destroys 
the  nerve  by  heat.  A  feeble  induction  current  has  no  such 
destructive  effects  ;  but  a  powerful  one,  or  severe  shocks  of 
static  electricity,  may  annihilate  the  vitality  of  the  nerve  by 
the  mere  force  of  the  concussion. 

The  phenomena  produced  by  the  electric  stimulation  of 
the  motor  nerves  present  certain  differences  according  to 
the  direction  of  the  current,  provided  the  latter  be  feeble. 
When  the  nerves  are  in  the  highest  degree  of  excitability, 
as  is  the  case  immediately  after  death,  and  when  they  have 
not  yet  been  experimented  upon,  the  contractions  are 
equally  powerful  on  using  the  direot  and  inverse  current. 
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and  on  closing  and  opening  the  circuit.  But  if  the  nerves 
have  lost  a  certain  degree  of  their  excitability,  as  is  the  case 
some  time  after  death,  and  when  they  have  been  exhausted 
by  experiments,  a  difference  is  noticed  in  the  physiological 
effects.  It  is  then  seen  that  a  direct  current  produces  the 
contraction  only  when  the  circuit  is  established,  but  not 
while  the  current  traverses  the  nerve,  nor  at  the  moment 
when  it  ceases  to  pass ;  and,  on  the  other  hand,  that  the 
inverse  current  causes  no  contractions  on  making  the  cir- 
cuit, nor  while  it  remains  closed,  but  only  when  it  is  broken. 
If  more  time  has  elapsed  after  the  death  of  the  animal,  or 
if  the  nerves  have  been  longer  experimented  upon,  only  one 
contraction  will  occur,  viz.  on  making  the  direct  current ; 
and  finally,  all  contractility  will  disappear.  These  differ- 
ences in  the  contractile  power  of  the  nauscles  were  first 
investigated  by  M.  Nobili,^  of  Eeggio,  who  has  distin- 
guished five  different  periods  of  the  excitability  of  the 
muscles,  as  shown  in  the  following  table : — 

NohiWs  Laiv  of  Contractions. 


L 
II. 

III. 

IV. 
V. 

Direct  eurrent 

Inverse  Current 

Making 

Breaking 

Making 

Breaking 

Contraction 
Strong  contract 
Strong  contract 

Contraction 

Contraction 
Feeble  contract 

Contraction 

Contraction 
Strong  contract 
Strong  contract 

These  differences  depend  upon  certain  changes  which  occur 
in  the  current  proper  of  the  nerves  after  their  separation 


'  Memorie  ed  Osservazioni  edite  ed  inedite  del  cavaliere  Leopoldo  Nobili, 
Florence,  1834,  vol.  i.  p.  135 ;  and  Annales  de  Chimie  et  de  Physique,  mai  1830, 
Tol.  xliv.  p.  60, 


204  ELECTEO-PHYSIOLOGY  chap.  ii. 

from  the  body.  Nobili's  law,  however,  is  not  absolute  ;  for 
in  some  instances  the  contrary  will  happen,  viz.  a  strong  con- 
traction on  breaking  the  direct  and  on  making  the  inverse 
current ;  and  two  or  even  three  of  these  periods  of  excitability 
may  exist  in  the  same  nerve  at  the  same  time,  provided  that 
it  be  excited  at  different  points  of  its  length.  This  depends 
upon  the  circumstance  that  the  nerves,  after  having  been 
separated  from  their  centres,  die  in  a  direction  from  the 
centre  to  the  periphery,  as  was  first  pointed  out  by  Valli  and 
Ritter.  The  vital  energy,  therefore,  continues  longest  in  the 
terminal  branches  of  a  nerve.  From  this  it  may  be  inferred 
that  the  manifold  differences  noticed  in  the  electro-muscular 
contractions  have  not  that  important  physiological  bearing 
which  had  been  attributed  to  them  by  previous  observers. 
It  is  quite  true  that  there  are  different  periods  of  excitability 
in  the  nerves  after  they  have  been  separated  from  the 
animal  body  ;  but  these  never  occur  in  the  living  nerves,  as 
long  as  they  are  connected  with  the  nervous  centres ;  they 
are  merely  the  result  of  the  fatigue  of  the  nerves  which 
necessarily  occurs  a  certain  time  after  their  separation  from 
the  body,  and  after  they  have  been  repeatedly  subjected  to 
experiments. 

Fick  has  shown  that  the  force  which  is  used  for  the  stimu- 
lation of  a  motor  nerve,  the  degree  of  irritation  which  is  set 
up  by  it  in  the  nerve,  and  finally  the  amount  of  muscular  work 
which  is  done  in  consequence,  are  mutually  interdependent, 
so  that  the  increase  or  diminution  of  one  inevitably  entails 
an  increase  or  diminution  of  the  two  others.  He  also  found 
that  when  the  duration  of  the  current  is  prolonged,  the 
irritation  is  not  increased  uniformly,  but  by  fits  and  starts. 
If  the  intensity  of  the  current  be  constantly  augmented,  the 
nervous  irritation  which  is  set  up  reaches  at  last  a  maximum  ; 
but  even  this  limit  may  be  exceeded  by  prolonging  the 
duration    of  the   stimulation ;   whereby  a  supra-maximal 
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effect  is  produced.  This  latter  somewhat  fantastic  view  has 
been  satisfactorily  explained  by  Lamansky,  who  found  that 
there  is  indeed  a  kind  of  second  maximum,  but  that  this  is 
simply  owing  to  the  mode  in  which  the  faradic  current  is 
interrupted  ;  inasmuch  as  Fick  employed  in  these  experi- 
ments not  one,  but  two  interruptions  of  the  current,  which 
succeeded  each  other  very  rapidly  ;  so  that  an  accumulation 
of  two  induction  shocks  acted  upon  the  nerve. 

Inhibitory  effects  of  the  closed  circuit. — Hitter  ^  concluded 
from  some  observations  on  frogs  that,  when  the  direct 
current  traversed  a  motor  nerve  for  some  time,  it  had  a 
paralysing  effect  on  it,  while  the  reverse  current  tended  to 
augment  its  irritability.  He  also  discovered  that,  when  an 
inverse  current  had  acted  for  a  considerable  time  on  the 
nerve,  the  muscles  animated  by  it  were  tetanised  on  opening 
the  circuit.     This  phenomenon  is  called  Mitter^s  tetanus. 

Volta^  found  that  both  directions  of  the  current,  after  a 
time,  rendered  the  nerve  insensible  to  the  stimulus  of  the 
same  current ;  but  that  its  excitability  could  be  revived  if 
an  inverse  current  was  substituted  for  the  direct,  and  vice 
versa.  These  phenomena  are,  after  their  discoverer,  called 
Voltaic  alternatives. 

EosenthaV  who  has  investigated  this  subject  very  care- 
fully, has  come  to  the  conclusion  that  Volta's  law  as  proposed 
by  him  is  untenable,  and  that  if  the  continuous  current 
traverses  a  motor  nerve  for  a  certain  length  of  time,  it 
causes  a  peculiar  condition  in  the  same,  in  which  its  excita- 
bility is  increased  to  the  opening  of  the  acting  current,  and 
the  closing  of  one  flowing  in  an  opposite  direction  ;  and 
diminished  to  the  closing  of  the  acting  and  the  opening  of 
the  opposite  current. 

'  Beweis  dass  ein  selbststandiger  Galyanismus,  etc.  Weimar,  1798,  p.  119  ; 
and  Beitrage,  etc.  1800,  toI.  x.  p.  142. 

*  CoUezione  dell'  opere,  etc.-  toI.  ii.  p.  219,  note  (a). 

*  MonatsLerichte  der  Berliner  Atademie,  December  1867,  p.  640, 
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According  to  Pfliiger,  however,  Kosenthal's  law  only  holds 
good  for  a  current  of  feeble  or  medium  intensity ;  for  if  the 
power  of  the  current  be  great,  the  tetanus  produced  on 
breaking  it  is  enfeebled  on  closing,  and  increased  on  open- 
ing the  circuit,  whatever  may  be  the  direction  of  the  current. 
Wundt '  considers  that  every  current  produces  after  a  certain 
time  a  change  in  the  nerve,  in  which  the  inhibitory  surpass 
the  exciting  effects ;  and  that  a  feeble  current,  if  used  for  a 
considerable  time,  has  the  same  action  as  a  powerful  current 
which  is  employed  for  a  short  time,  so  that  under  certain 
conditions  the  duration  and  the  intensity  of  the  current  are 
equivalent. 

That  a  continuous  current  may  under  certain  circum- 
stances calm  an  irritated  condition  of  a  nerve,  had  already 
been  observed  by  Nobili,^  who  remarked  now  and  then,  in 
the  course  of  his  experiments,  that  prepared  frogs  became 
tetanised  without  any  apparent  cause,  and  that  this  con- 
dition suddenly  ceased  if  a  continuous  current  was  sent 
through  their  limbs  in  a  certain  direction ;  while  the 
tetanus  continued  if  the  current  moved  in  the  contrary 
direction.  He  did  not  state  which  was  the  direction. 
Matteucci^  found  that  when  frogs,  tetanised  by  strychnia, 
were  subjected  to  the  action  of  an  inverse  current,  the 
tetanus  disappeared  rapidly,  and  did  not  return  ;  the  frogs 
died  from  the  effects  of  the  poison,  but  without  the  convul- 
sions which  were  otherwise  the  consequence  of  the  absorp- 
tion of  strychnia.  On  the  other  hand,  he  found  that 
tetanus  was  increased  by  the  passage  of  the  direct  current. 
Together  with  M.  Farina  he  endeavoured  to  utilise  this 
property  of  the  current  in  a  patient  who  suffered  from  trau- 
matic tetanus  in  consequence  of  having  been  shot  through 
the  leg.     He  caused  a  current  of  from  thirty  to  forty  pairs 

'  Ueber  VerlaufundWesen  der  Nervenerregung.  Braunschweig,  1871,  p.  2'53. 

*  Memorie,  etc.  p.  91. 

^  Comptes  rendus,  etc.,  mai  1 838,  vol.  vi.  p.  80. 
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to  pass  along  the  spine  in  the  direction  from  the  sacrum  to 
the  nape  of  the  neck,  and  introduced  the  patient  gradually 
into  the  circuit  in  order  to  avoid  muscular  commotions. 
The  trismus  was  relieved  for  a  time,  circulation  and  respira- 
tion were  re-established,  and  the  patient  appeared  generally- 
comforted,  but  died  nevertheless  afterwards,  the  irritation 
having  been  kept  up  by  foreign  bodies  in  the  wounded  limb. 

Another  observation  of  inhibitory  effects  was  made  by 
Du  Bois-Eeymond,  who  remarked  that  in  a  tetanised  frog's 
limb  the  gastrocnemius  muscle  became  quiet  as  soon  as  the 
sciatic  nerve  was  laid  upon  the  tendon  of  the  muscle ;  that 
is,  if  the  inverse  current  proper  of  the  muscle  was  made  to 
pass  through  the  nerve  ;  but  that  the  tetanus  continued 
unchanged  if  the  nerve  touched  the  flesh  of  the  muscle,  that 
is,  if  the  direct  current  proper  of  the  muscle  traversed  the 
nerve. 

Prof.  Eckhard,^  of  Griessen,  found  that  if  an  inverse 
current  of  some  intensity  was  sent  through  a  nerve,  the 
excitability  of  the  latter  was  so  much  diminished  that  any 
mechanical,  chemical,  or  electrical  stimuli  which  would 
otherwise  cause  contractions  of  the  muscles,  no  longer 
induced  them  when  the  current  continued  to  traverse  the 
nerve,  whatever  might  be  the  point  of  the  nerve  to  which 
the  stimulus  was  applied ;  while  a  direct  current  would 
diminish  the  excitability  of  the  nerve,  only  at  those  points 
to  which  the  electrodes  were  applied,  and  at  all  points  be- 
yond the  anode ;  but  that  it  tended  to  increase  the  excita- 
bility of  the  nerve  on  all  those  points  which  were  beneath 
the  cathode. 

Pfliiger^  has  shown  that  Eckhard's  method  of  experimen- 
tation is  liable  to  give  rise  to  errors,  and  has  ascertained 
that  if  a  motor  nerve  be  excited  above  the  point  of  entrance 

'  Beitrage,  etc.  p.  25. 

^  TJeber  das  Hemmungs-Nerv.ensystem,  etc.  p.  3. 


208  ELECTEO-PHYSIOLOGY  chap.  ii. 

of  an  inverse  current  which  is  not  very  powerful,  the  con- 
traction is  not  diminished,  but  that  the  influence  of  the 
direct  current  of  the  same  strength  will  diminish  the  con- 
traction. If  the  power  of  the  current  exceeds  a  certain 
degree,  the  contrary  is  observed.  Eckhard's  assertion  that 
the  excitability  of  a  nerve  subjected  to  the  influence  of  the 
inverse  current  is  everywhere  diminished,  is  incorrect ;  for 
if  the  power  of  the  current  do  not  exceed  a  certain  standard, 
the  contraction  obtained  by  exciting  a  portion  of  a  nerve 
situated  above  the  electrodes  is  not  enfeebled,  but  increased. 
If,  however,  the  current  be  very  powerful,  the  contraction  is 
rendered  less. 

Refreshing  or  Restorative  Effects. — Heidenhain  ^  has  dis- 
covered that  if  the  muscles  of  a  frog  had  lost  their  excita- 
bility in  consequence  of  fatigue  or  ill-usage,  but  were  not 
quite  dead  yet,  their  excitability  could  be  restored  by 
directing  to  their  substance  a  somewhat  powerful  con- 
tinuous current  for  half-a-minute  or  more ;  and  that  the 
inverse  current  was  more  effective  in  this  respect  than  the 
direct,  both  as  far  as  persistence  and  completeness  of  effect 
was  concerned.  These  refreshing  effects  of  the  continuous 
current  are  of  the  greatest  practical  importance,  and  are 
shown  in  the  most  striking  manner  in  cases  of  disease, 
where  the  action  of  the  muscles  is  either  enfeebled  or 
altogether  lost. 

Dr.  Poore  ^  has  found  similarly  refreshing  effects  caused  by 
the  application  of  the  continuous  current  to  the  motor 
nerves  of  healthy  men.  A  person  was  requested  to  hold  his 
left  arm  at  right  angles  to  his  body,  and  a  weight  of  nine- 
teen ounces  was  placed  in  his  palm.  In  about  four  minutes 
the  man  complained  of  great  pain  in  his  muscles,  chiefly  the 
deltoid,  biceps  and  triceps,  and  said  that  he  could  not  go  on 

•  Physiologische  Studien.     Berlin,  1856,  p.  65. 

*  The  Practitioner,  January  1873,  p,  39. 
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with  the  experiment.  The  anode  was  then  placed  in  the 
axilla,  and  the  cathode  to  the  painful  parts,  when  he  at 
once  exclaimed,  '  All  the  fatigue  is  gone,  and  1  feel  as  strong 
as  when  I  began.'  Care  was  taken  not  to  support  the  limb 
with  the  electrodes,  and  one  of  them  was  even  an  additional 
burden  to  the  arm.  The  current  was  not  strong  enough  to 
produce  involuntary  muscular  contractions.  One  man  could 
thus  hold  his  arm  out  for  13^  minutes  with  galvanism, 
and  only,  with  the  greatest  exertion,  6  minutes  without. 
One  said  that  when  the  arm  was  used  for  such  an  experi- 
ment without  galvanism,  it  ached  all  day  afterwards ;  but 
with  galvanism  it  did  not  give  any  trouble.  The  endurance 
of  voluntary  muscular  action  is  therefore  considerably  in- 
creased by  the  continuous  current.  That  muscular  force  is 
also  increased  by  the  same  means  is  shown  by  squeezing 
a  dynamometer,  and  then  galvanising  the  flexors  of  the 
fingers ;  care  being  taken  that  the  position  of  the  dynamo- 
meter in  the  hand,  and  the  position  of  the  patient,  should 
remain  the  same  throughout  the  experiment.  The  anode 
was  directed  to  the  inner  border  of  the  biceps  muscle,  and 
the  cathode  to  the  inner  side  of  the  tendons  of  the  biceps, 
at  the  bend  of  the  elbow.  In  one  experiment,  the  result,  in 
pounds,  of  each  successive  squeeze,  was  as  follows  : 

Without  galyanism,     55     55     55     50     47     44     42     40  =  388. 
With  „  73     65     63     60     56     54     53     53=477. 

This  gives  89  pounds  in  favour  of  galvanism,  or  an 
average  of  11*125  pounds  per  squeeze.  The  experiment 
with  galvanism  was  made  about  ten  minutes  after  the  first, 
when  the  hand  was  still  tired  from  the  first  experiment. 
When  the  trial  of  strength  with  galvanism  preceded  the 
one  without,  the  difference  became  even  greater : 

With  galvanism.    73   76   72    70    70    70  =  431. 

Without     „  60    47   45   40   46    41  =279.— Total  difference  142  pounds. 
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Electrotonus. — Pfliiger  has  shown  that  a  continuous  cur- 
rent which  traverses  a  certain  length  of  the  nerve  (the 
polarising"  current),  divides  this  latter  into  two  physiologi- 
cally different  sections  or  zones,  which  pass  into  one  another 
at  a  point  where  the  condition  of  the  nerve  is  unchanged 
[point  of  indifference),  and  which  is  situated  at  an  equal 
distance  from  either  of  the  poles.  One  of  these  sections  or 
zones  shows  the  condition  of  increased  excitability  (^cat- 
electrotonus),  while  the  other  section  is  in  a  condition  of 
diminished  excitability  {anelectrotonus).  The  zone  of 
increased  excitability  is  in  the  neighbourhood  of  the 
cathode,  while  the  zone  of  diminished  excitability  is  in  the 
neighbourhood  of  the  anode.  The  condition  of  increased 
excitability  is  propagated  from  the  cathode  towards  either 
side,  and  the  condition  of  diminished  excitability  is  propa- 
gated from  the  anode  towards  either  side.  This  alteration 
of  excitability  in  the  extra-polar  portions  of  the  nerve 
diminishes  in  the  same  ratio  as  the  distance  at  which  they 
are  from  the  electrodes  increases,  and  at  a  certain  distance 
it  disappears  altogether.  As  a  rule  the  positive  zone  of  the 
nerve  diminishes  in  extent  proportionately  to  the  intensity 
of  the  current ;  and  if  the  latter  be  very  feeble,  almost  the 
whole  portion  of  the  nerve  included  between  the  two 
electrodes  may  be  in  a  state  of  increased  excitability. 

If  the  polarising  current  passes  for  a  longer  time  through 
the  nerve,  and  if  its  intensity  is  at  the  same  time  increased, 
the  point  of  indifference  is  removed  from  the  anode,  and 
approaches  more  nearly  to  the  cathode  ;  that  is  to  say,  the 
zone  where  there  is  diminished  excitability  increases  in 
extent,  while  that  where  there  is  increased  excitability 
proportionately  diminishes ;  and  when  the  duration  or 
intensity  of  the  current  has  attained  a  certain  degree,  the 
zone  of  augmented  excitability  is  reduced  to  a  very  small 
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space  in  the  neighbourliood  of  the  cathode.     If  a  current 
of    extreme    power    be    used,     these    conditions    may    be 
reversed.     On  breaking  the  polarising  current,  these  alter- 
ations of  excitability   gradually  become  less  marked,  and 
at  last  vanish  completely ;  but  previous  to  that,  opposite 
modifications  of   excitability  occur  in  the  portions  which 
have  been  polarised.     In  the  anelectrotonic  portion,  where 
during  polarisation  excitability  had  been  diminished,  there 
is  for  some  time  an  increase  of  the  same,  which   is  called 
the  positive   Qnodijication  of    excitability.     On    the  other 
hand,  the  catelectrotonic  portion  shows  for  a  short  time  a 
diminution  which  is  called   the  negative  modification    of 
excitability ;  this,  liowever,  rapidly  passes  into  the  positive 
one,  which  then  gradually  disappears. 

Pfliiger  has  likewise  shown  that  the  polarising-  current 
changes  not  only  the  excitability  of  the  nerve,  but  also  the 
faculty  of  the  latter  to  transmit  stimulation ;  inasmuch  as 
that  portion  of  the  nerve  which  has  its  excitability  dimi- 
nished, offers  a  greater  resistance  to  the  transmission  of  the 
stimulation,  and  that  this  resistance  further  increases  with 
the  duration  and  intensity  of  the  polarising  current. 

The  principles  of  electrotonus  once  established,  Pfliiger 
was  naturally  led  to  the  study  of  the  law  of  contractions ; 
and  found  that  the  nerve  is  excited  by  the  appearance 
of  catelectrotonus,  and  the  disappearance  of  anelectrotonus, 
hut  not  by  the  appearance  of  anelectrotonus  or  the  dis- 
appearance  of  catelectrotonus. 

The  following  table  shows 
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Pfluger's  Laiv  of  Contractions. 


strength  of  Current 

Direct  Current 

Inverse  Current 

Feeble 

Making :  contraction 

Making:  contraction 

Breaking :  rest 

Breaking:  rest 

Medium 

Making :  contraction 

Making :  contraction 

Breaking  :  contraction 

Breaking :  contraction 

Strong 

Making:  contraction 

Making:  rest 

Breaking.:  rest 

Breaking:  contraction 

Catelectrotonus  corresponds  to  a  greater  mobility  of  the 
•molecules  of  the  nerve,  while  anelectrotonus  corresponds 
to  a  lower  degree  of  mobility  of  the  same. 

Effects  on  living  nerves. — When  the  motor  nerves  are  in 
their  normal  connection  with  the  nervous  centres,  the  appli- 
cation of  galvanism  produces  somewhat  different  effects  from 
those  which  are  observed  in  nerves  separated  from  the  body 
of  the  animal.  It  was  first  pointed  out  by  Valentin  and 
Bernard,  that  if  a  nerve  was  galvanised  while  still  connected 
with  the  spinal  cord  of  the  living  animal — that  is  to  say,  in 
its  normal  physiological  condition — a  contraction  was  pro- 
duced only  on  establishing  the  circuit,  whatever  might  be 
the  direction  of  the  current.  But  if  the  nerve  was  fatigued 
by  any  cause,  as,  for  instance,  by  prolonged  experiments,  or 
by  the  action  of  heat  during  summer,  or  if  the  nerve  was 
ligatured  or  divided  above  the  point  touched  by  the  elect- 
rodes, two  contractions  were  produced,  one  at  the  commence- 
ment and  another  at  the  cessation  of  the  current.  These 
two-  contractions  are,  therefore,  an  indication  of  a  fatigued 
state  of  the  nerve.  If  the  fatigue  becomes  greater,  contrac- 
tions are  only  produced  on  making  the  direct  and  breaking 
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the  inverse  current;  finally,  only  a  single  contraction  is 
obtained  on  making  the  direct  current.  These  four  different 
periods  succeed  each  other  more  rapidly  in  summer  than 
in  winter,  as  cold  weather  is  favourable  to  the  continuance 
of  the  excitability  of  the  nerve. 

M.  Eulenburg,^  of  Berlin,  was  the  first  to  investigate 
electrotonus  in  the  living  man,  and  came  to  the  following 
conclusions  : — Certain  motor  nerves  which  are  easily  acces- 
sible to  the  current,  such  as  the  spinal  accessory,  the  median, 
ulnar,  and  perongeal  nerves,  and  certain  muscles  which  are 
reached  without  difficulty,  such  as  the  deltoid  and  the 
opponens  poUicis,  may  be  made  to  assume  the  electrotonic 
state  during  life.  He  placed  the  cathode  of  an  induction 
apparatus  on  the  nerve,  and  the  anode  on  the  sternum  ; 
after  which  he  sent  a  direct  or  inverse  continuous  current 
through  the  nerve  above  the  cathode.  It  was  then  seen 
that  if  the  inverse  current  was  used,  a  negative,  and  if  the 
direct  current  was  used,  a  positive,  modification  of  excita- 
bility took  place  in  that  portion  of  the  nerve  which  was 
behind  the  electrodes ;  and  that  the  extent  of  the  positive 
and  negative  modification,  and  the  duration  of  the  subse- 
quent effects,  increased  in  proportion  to  the  power  of  the 
current  and  the  length  of  time  during  which  the  circuit 
remained  closed.  The  muscles  likewise  assumed  a  distinct 
positive  modification  with  catelectrotonus,  while  the  nega- 
tive modification  with  anelectrotonus  was  less  perceptible. 

M.  Samt's^  observations  on  this  subject  do  not  quite  agree 
with  those  of  Eulenburg.  According  to  Samt,  this  is  due 
to  the  circumstance  that  in  Eulenburg's  experiments  the 
excitability  of  the  nerves  is  modified,  not  only  by  the 
pressure  of  the  electrodes  upon  them,  but  also  by  the  effect 
of  the  induced  current  which  is  used  as  a  stimulant. 

•  Deutsches  Archiv  fiir  klinische  Medicin,  1867,  Bd.  iii.  p.  117. 
^  Centralblatt  fiir  die  med.  Wiss.     November  1868. 
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Von  Bezold*  has  found  that  during  electrotonus  the  power 
of  conduction  or  the  velocity  of  nervous  force  is  diminished, 
in  the  anelectrotonic  as  well  as  the  catelectrotonic  portion 
of  the  nerve ;  and  that  if  the  nerve  be  excited  by  closing  the 
circuit,  more  time  is  required  for  making  the  contraction 
appear  than  if  it  be  excited  by  opening  the  circuit.  This 
is  more  especially  the  case  if  the  inverse  current  be  used, 
and  less  so  with  the  direct  current.  Von  Bezold  believes 
that  whenever  a  continuous  current  enters  a  nerve,  a  certain 
period  is  necessary  for  preparing  the  nerve  to  respond  to  the 
current,  and  that  this  time  of  preparation  is  the  shorter  the 
greater  the  power  of  the  current.  According  to  the  same 
observer,  the  conduction  is  also  retarded  in  the  muscular 
fibre  during  the  electrotonic  state  ;  but  this  is  exactly  limited 
to  the  place  where  the  electrodes  are  applied,  and  does  not 
extend  beyond  them,  as  it  does  in  the  nerve. 

This  conclusion  has  been  pretty  generally  adopted ;  but 
Dr.  Eutherford^  has  shown  that  Von  Bezold  used  a  too 
powerful  current  in  his  researches,  and  thereby  invalidated 
the  results.  He  employed  a  current  of  seven  pairs  of  Grrove's 
battery,  and  allowed  it  to  flow  through  the  nerve  for  at 
least  three  minutes  before  the  observation  of  its  influence 
on  the  velocity  of  nervous  force  was  taken.  The  anode  as 
well  as  the  cathode  of  this  current  were  found  to  diminish 
the  velocity  ;  while,  according  to  Dr.  Eutherford,  if  a  feeble 
current  be  used,  the  cathode  increases,  while  the  anode 
diminishes  the  velocity.  This  agrees  with  the  general  law 
established  by  Pfliiger. 

Further  researches  on  the  physiology  of  electrotonus  in 
the  living  man  have  been  made  by  Brenner,^  Erb,^  Briickner,^ 

'  Loc.  cit.  p.  109. 

«  The  Lancet,  March  4,  1871. 

'  Loc.  cit.  vol.  ii.  p.  77. 

*  Deutsches  Archiv  fiir  klinische  Medicin,  vol.  iii.  p.  238. 

*  Deutsche  Klinik,  1868.     No.  41,  42. 
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Eunge,^  and  Filehne,^  but  the  results  at  which  they  have 
arrived  are  neither  very,  clear  nor  very  important.  The 
difficulties  which  are  encountered  in  investigating  this 
subject,  have  been  well  stated  by  M.  Cyon.^  At  first  we 
have  to  find  a  motor  nerve  which  runs  a  sufficient  way  near 
the  skin,  to  be  easily  reached  by  the  polarising  and  the 
exciting  current ;  then  it  is  necessary  that  the  polarising 
electrodes  should  be  applied  to  the  nerve  in  such  a  manner 
as  not  to  be  displaced  during  the  whole  time  of  the  passage 
of  the  current,  as  otherwise  the  intensity  of  the  current 
traversing  the  nerve  would  be  considerably  altered  ;  further- 
more, it  is  imperative  to  avoid  the  errors  which  might  result 
from  the  pressure  of  the  electrodes  upon  the  nerve ;  the 
exciting  current  must  be  applied  in  such  a  mannei  that 
no  fraction  of  it  can  flow  through  the  region  traversed  by  the 
polarising  current ;  it  is  necessary  to  have  an  exact  means  by 
which  to  measure  the  modifications  of  excitability  pro- 
duced ;  and  finally,  we  must  eliminate  as  far  as  possible  the 
disturbance  which  might  be  caused  simply  by  the  influence 
of  the  experiments. 

Cyon  selected  for  his  researches  the  ulnar  nerve  at  the 
arm,  where  it  is  easily  accessible,  and  may  be  fixed  on  the 
humerus  ;  to  this  nerve  he  applied  the  polarising  continuous 
current ;  while  the  exciting  faradic  current  was  directed 
below  this  region,  one  electrode  being  placed  just  above  the 
elbow,  and  the  other  near  the  cubito-carpal  articulation. 
In  order  to  prevent  any  displacement  of  the  nerve  with 
regard  to  the  electrodes,  the  whole  arm  was  surrounded  with 
a  mould  of  plaster  of  Paris,  and  the  electrodes  fixed  to  one 
another  by  means  of  a  screw  ;  they  were,  moreover,  so  fixed  on 
the  arm  as  to  render  displacement  impossible.  Before  each  ex- 

'  Deutsehes  Archiv,  etc.  vol.  vii.  p.  356. 

'^  Ibid.  vol.  vii.  p.  575. 

'  Principes  d'electrotherapie.     Paris,  1873,  p.  130. 
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periment  the  nerve  was  faradically  searched,  and  its  way  traced 
with  ink  on  the  skin,  after  which  the  electrodes  were  again 
applied  to  it  in  order  to  ascertain  whether  it  was  always  in 
the  same  place.  The  pressure  of  the  electrodes  upon  the 
nerve  was  avoided  by  resting  them,  not  on  the  arm,  but  on 
the  plaster  of  Paris  mould.  For  measuring  the  modifications 
of  the  excitability  of  the  nerve,  Cyon  measured  the  force  of 
the  farado-muscular  contraction  produced  by  means  of  a 
myographion,  which  traces  on  a  register  the  contractions  of 
the  adductor  muscle  of  the  thumb.  The  plaster  of  Paris 
mould  which  surrounded  the  arm  prevented  all  movements 
except  those  of  the  muscles  just  named  ;  the  hand  was 
completely  surrounded  by  it,  and  the  mould  had  only  some 
fenestrse  for  the  electrodes  and  for  the  thumb,  which  latter 
could  therefore  execute  its  movements  without  hindrance. 
The  polarising  current  was  furnished  by  twenty  to  twenty- 
five  pairs  of  Siemens  and  Halske's  (Dani ell's)  battery ; 
metal  plates,  covered  with  lint  or  sponge,  were  used  as  elec- 
trodes, and  they  were  placed  at  a  distance  of  2  or  2-|  inches 
from  one  another.  The  exciting  current  was  furnished  by 
Du  Bois'  sledge-apparatus,  and  both  currents  were  interrupted 
by  means  of  a  Du  Bois'  key  (p.  131).  The  experiment  is 
therefore  performed  in  the  following  manner  : — 

After  the  position  of  the  ulnar  nerve  has  been  made  out 
by  faradisation,  and  traced  on  the  skin,  the  arm  is  placed  in 
the  mould ;  the  adductor  of  the  thumb  is  then  put  into 
communication  with  the  myographion,  and  the  two  electrodes 
of  the  polarising  current,  solidly  fixed  to  the  plaster,  are 
placed  on  the  nerve,  while  the  circuit  of  the  battery  is  open. 
The  nerve  is  then  faradised  at  some  point  below  the  polar- 
ising electrodes,  with  a  current  of  moderate  power.  When 
the  adductor  muscle  has  traced  its  contraction,  the  circuit  of 
the  polarising  current  is  closed  for  some  time,  after  which 
the  adductor  is  again  made  to  contract.     During  the  experi- 
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ment  the  arm  is  placed  in  a  liorizontal  position,  with  all  the 
joints  extended. 

The  following  are  the  results  at  which  Cyon  has  arrived  : — 
As  a  rule,  the  modifications  which  the  electrotonised  human 
nerve  undergoes  are  the  same  as  those  observed  in  the  nerve 
of  the  frog's  limb ;  that  is  to  say,  immediately  after  closing 
the  circuit,  the  excitability  is  increased  in  the  neighbourhood 
of  the  negative  pole.  This  increase  augments  with  the 
duration  of  the  passage  of  the  polarising  current,  until  it 
attains  a  certain  maximum  beyond  which  it  cannot  go,  how- 
ever much  the  passage  of  the  cui'rent  may  be  prolonged. 
Immediately  after  the  interruption  of  the  polarising  current, 
excitability  diminishes  in  the  catelectrotonic  region,  but  this 
only  continues  for  an  instant,  and  afterwards  gives  way  to 
an  augmentation  which  lasts  longer,  and  only  slowly  and 
gradually  subsides  into  the  natural  condition.  After  break- 
ing the  current,  therefore,  a  negative  modification  of  an 
instantaneous  duration  takes  place,  which  passes  into  a 
longer  positive  modification,  and  at  last  into  the  normal 
state. 

On  the  contrary,  the  excitability  is  diminished  in  the 
neighbourhood  of  the  ^positive  pole  some  time  after  closing 
the  polarising  circuit.  Immediately  after  this  is  opened, 
there  is  a  considerable  increase  of  excitability,  or  positive 
modification,  which  appears  to  be  more  considerable  when 
the  current  has  acted  for  a  longer  time.  These  experiments, 
therefore,  agree  completely  with  the  results  obtained  by 
Pfliiger  on  the  rheoscopic  nerve  ;  but  considerable  exceptions 
to  the  rule  are  not  unfrequently  observed  in  the  living 
human  nerve,  not  only  in  healthy  subjects,  but  also  in 
persons  suffering  from  nervous  affections. 

Cyon  explains  the  exceptions  encountered  in  healthy 
subjects  by  the  circumstance  that  the  nerves  on  which  the 
experiments   are   made   are   still    in    connexion   with    the 
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nervous  centres.  Claude  Bernard  has  shown  (p.  212)  that 
the  law  of  contractions  is  very  different  in  nerves  which  are 
separated  from,  and  in  those  which  are  still  in  connexion 
with,  the  body.  Central  innervation  is  therefore  shown  to 
exercise  an  influence  on  the  production  of  the  phenomena. 
On  the  other  hand,  it  must  not  be  forgotten  that,  even  in  the 
experiments  on  frogs,  from  time  to  time  irregularities  are 
encountered,  and  that  nerves  occasionally  refuse  a  response 
which  is,  on  the  whole,  absolute.  The  exceptions  which  are 
met  with  in  patients  suffering  from  nervous  affections  can- 
not disprove  the  general  correctness  of  Pfliiger's  laws,  which 
may  therefore  be  considered  valid,  not  only  for  the  frog's 
limb,  but  also  for  the  living  human  nerve.  The  pathology 
of  the  nervous  system  will,  on  the  contrary,  be  most  materially 
advanced  if  the  alterations  in  the  state  of  anelectrotonus 
and  catelectrotonus  become  better  known.  Changes  in  the 
molecular  condition  of  the  nerves  may  be  made  manifest 
by  noting  variations  in  the  response  given  by  the  nerve  to 
the  current ;  and  as  we  may,  ad  libitum,  increase  or  diminish 
the  excitability  of  a  nerve,  we  may  look  forward  to  a  more 
scientific  and  at  the  same  time  successful  treatment  of  cer- 
tain nervous  affections,  by  inducing  either  anelectrotonus  or 
catelectrotonus  in  the  living  nerve. 

Cyon  has  likewise  studied  in  the  human  subject  the  con- 
nexion between  the  degree  of  nervous  stimulation  and  the 
force  of  stimulants  employed.  Fick  has  shown  (p.  205)  that 
in  the  rheoscopic  limb  the  force  of  stimulation,  nervous  irri- 
tation, and  muscular  work,  are  in  complete  interdependence, 
inasmuch  as  the  amount  of  muscular  work  is  simply  a  func- 
tion of  nervous  irritation,  which  itself  is  a  resultant  of  the 
stimulating  force.  The  muscular  work  may  therefore  be 
utilised  for  measuring  the  force  of  nervous  irritation.  Cyon 
used  the  same  mode  of  experimentation  as  above  for  ascer- 
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taining  whether  the  same  law  obtained  for  the  living  human 
nerve  as  for  the  rheoscopic  limb,  and  found  that  such  is  the 
case.  The  extenc  of  muscular  contraction  increases  propor- 
tionately to  the  force  of  stimulation.  There  is  a  maximum 
value  of  contraction  ;  and  when  this  is  attained,  any  further 
increase  of  stimulating  force  will  not  give  more  contraction. 

Mectrotonus  is  only  produced  by  galvanisation  and 
not  by  faradisation.  This  is  the  principal  cause  of  the 
therapeutical  superiority  of  the  continuous  over  the  in- 
duced current. 

The  avalanche  theory. — Pfliiger  has  shown  that  different 
parts  of  the  trunk  of  a  spinal  nerve  have  different  degrees  of 
electric  excitability.  If,  for  instance,  the  sciatic  nerve  of 
the  frog's  limb  be  faradised,  at  first  near  the  gastrocnemius 
muscle,  and  afterwards  at  a  distance  from  it,  a  more  power- 
ful contraction  takes  place  in  the  latter  than  in  the  former- 
case,  in  spite  of  the  intensity  of  the  current  having  been 
the  same  in  both  experiments.  This  he  explains  by  com- 
paring the  passage  of  nervous  force  through  a  nerve  with 
a  rush  of  an  avalanche  over  a  precipice,  gathering  force  as  it 
descends.  The  experiments  on  this  point  which  have  been 
lately  made  by  Dr.  Eutherford,^  have  however  shaken 
Pfliiger's  avalanche  theory,  and  appear  to  show  that  the 
excitability  of  any  point  in  the  trunk  of  a  spinal  nerve  be- 
haves inversely  as  the  distance  of  that  point  from  the  nerve- 
centre.  Dr.  Eutherford  does  not  think  this  great  excita- 
bility owing  to  a  difference  in  the  blood  supply,  because 
removal  of  the  heart  previous  to  exposure  of  the  nerve 
made  no  apparent  difference  in  the  result ;  but  considers  it 
more  likely  that  the  cause  is  a  direct  action  of  the  nerve- 
cell  upon  the  nerve-fibre.  Mr.  Power  has  suggested  that 
the  results  obtained  by  Dr.  Eutherford  might  be  explained 

'  Journal  of  Anatomy  and  Physiology,  1871,  p.  329. 
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by  the  circumstance  that  the  white  substance  of  Schwann  is 
thinner  in  the  nerve-fibre  nearer  to  the  nerve  centre  than  it 
is  at  a  distance  from  it ;  and  that  the  electrical  stimulant 
would  act  more  powerfully  where  this  substance  was  thinner  ; 
but  careful  measurements  made  by  Dr.  Eutherford  have  not 
shown  any  difference  between  the  thickness  of  the  white 
substance  at  the  different  points  of  distance  from  the  spinal 
cord,  so  that  Mr.  Power's  explanation  cannot  be  received  as 
the  true  one. 

Remakes  galvano-tonic  contractions. — A  current  of  very 
great  power  produces,  according  to  Kemak,^  tonic  contrac- 
tions during  the  whole  time  that  the  circuit  is  closed,  and 
likewise  on  opening  it.  Kemak  observed  that,  if  a  very 
powerful  cm  rent  was  sent  through  certain  nerves,  tonic  con- 
tractions would  occur  in  the  antagonistic  muscles.  When 
he  acted  upon  his  own  median  nerve,  there  was  a  tingling 
sensation  in  all  the  parts  animated  by  that  nerve,  and  a  con- 
traction, which  gradually  increased,  in  the  extensors  of  the 
wrist  and  of  the  fingers.  The  hand  was  raised  to  an  angle 
of  about  45°,  and  the  fingers  were  extended.  This  contrac- 
tion continued  as  long  as  the  battery  current  circulated  in 
the  nerve,  but  the  hand  dropped  on  opening  the  circuit. 
He  was  able  to  resist  the  involuntary  extension  of  the  hand 
while  the  circuit  was  closed,  since  he  preserved  the  full 
force  of  volition  over  the  muscles  animated  by  the  median 
nerve  ;  but  as  soon  as  he  ceased  to  resist,  the  wrist  and  the 
fingers  were  again  extended.  The  same  took  place  if  he 
sent  a  continuous  current  through  the  radial  nerve,  by 
placing  one  electrode  to  a  point  between  the  biceps  and 
triceps  muscles,  where  this  nerve  is  easily  accessible,  and  the 
other  electrode  on  the  back  of  the  fore-arm,  where  the  inter- 
osseous nerve  is  superficial.  This  proceeding  caused  tonic 
contractions  of  the  muscles  animated  by  the  median  and 

*  Galvanotherapie  der  Nerven-  und  Muskelkrankheiten.   Berlin,  1858,  p.  56. 
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ulnar  nerves,  that  is  to  say,  flexion  of  the  hand  and  the 
fingers.  Eemak  termed  them  galvano-tonic  contractions, 
in  order  to  distinguish  them  from  the  clonic  contractions 
which  are  caused  in  the  muscles  by  the  induced  current  or  a 
rapidly-interrupted  continuous  current ;  and  he  believed 
them  to  be  due  to  variations  in  the  density  of  the  current, 
inasmuch  as  the  resistance  in  the  circuit  varies  as  the 
current  continues  to  circulate.  For  producing  galvano-tonic 
contractions  a  current  of  great  power  is  required.  Usually 
this  current  causes  much  pain  ;  and  in  some  instances  the 
pain  may  be  severe,  and  yet  no  galvano-tonic  contractions  will 
occur ;  while  in  other  instances  less  pain  may  be  experienced, 
and  the  contractions  be  well  marked.  If  a  somewhat  con- 
siderable extent  of  the  nervous  trunk  be  traversed  by  the 
current,  the  contractions  are  more  easily  produced  than  if 
only  a  small  portion  of  the  nerve  be  acted  upon.  In  some 
cases  it  is  sufficient  to  employ  from  twenty  to  thirty  pairs  of 
Daniell's  battery  charged  with  acid ;  in  other  instances  fifty 
are  necessary.  The  phenomena  may  be  different  on  different 
days  in  the  same  individual ;  so  that  at  first  contractions 
occur  in  the  muscles  animated  by  the  nerve  which  is  tra- 
versed by  the  current,  while  at  another  time  the  antago- 
nistic muscles  are  affected ;  sometimes  even  a  struggle  for 
preponderance  may  be  observed  between  the  different  groups 
of  muscles,  so  that  at  first  there  is  flexion,  and  some  time 
afterwards  extension,  while  the  current  continues  to  tra- 
verse the  same  nerve.  In  Remak's  opinion  these  contrac- 
tions are  not  produced  by  direct  stimulation  of  the  nerves, 
but  must  be  considered  as  reflex  movements  caused  by  the 
propagation  of  the  current  to  the  nervous  centres.  It  is 
however  most  probable  that  the  incongruous  phenomena 
described  by  Eemak  are  due  to  galvanic  maltreatment  of 
the  nerves  and  muscles. 

Law  of  contractions  in  Tuan. — If  in  a  healthy  man   a 
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feeble  or  moderately  powerful  continuous  current  be  mad© 
to  act  on  a  motor  nerve,  there  is  only  a  contraction  on 
establishing  the  circuit,  whatever  may  be  the  direction  of 
the  current,  and  whether  the  closing  and  opening  is 
effected  with  the  positive  or  the  negative  pole.  At  the 
cessation  of  the  current  there  is  no  contraction  at  all.  The 
negative  pole  is,  however,  in  so  far  more  effective  than  the 
positive,  that,  if  the  cathode  be  applied  to  the  nerve,  and 
the  anode  to  the  muscle,  a  contraction  on  closing  will  be 
produced  by  less  galvanic  power  than  if  the  position  of  the 
electrodes  be  reversed.  When  the  continuous  current  is 
used  in  this  manner,  the  power  of  the  contraction  produced 
on  closing  the  circuit  gradually  increases,  while,  if  the 
induced  current  be  used,  the  extent  of  the  contractions  re- 
mains the  same,  or  becomes  more  feeble  after  a-  time. 

Benedict,^  who  alludes  to  this  increase  of  galvano-mus- 
cular  contractions  during  the  application  of  the  continuous 
current,  ascribes  it  to  an  increase  of  nervous  excitability  in 
consequence  of  the  application  of  the  galvanism,  and  is 
supported  in  this  by  Brenner  and  Ziemssen ;  but  this  only 
partially  explains  the  circumstances  of  the  case,  the  chief 
cause  of  the  phenomenon  being,  in  my  opinion,  that  in 
consequence  of  the  application  of  the  current  the  resistance 
of  the  skin  is  considerably  diminished. 

Soon  after  the  current  has  been  made  to  act,  the  skin  is 
seen  to  assume  a  pinkish  hue,  in  consequence  of  dilatation  of 
the  blood-vessels  of  the  corium ;  and  as  the  blood  is  the  chief 
conducting  medium  of  the  human  body,  an  increased 
quantity  of  it  in  any  organ  must  of  course  improve  the 
electric  conductivity  of  the  same.  This  is  the  reason  Avhy  a 
current  which  at  first  produces  no  contractions  generally 
causes  powerful  movements  after  the  circuit  has  been  made 
and  broken  ten  or  twenty  times,  or  after  the  electrodes  have 

>  Electrotherapie.     Wien,  1868,  p.  32. 
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remained  fixed  for  half  a  minute  or  a  minute  on  those  points 
of  the  skin  which  correspond  to  the  motor  nerves. 

The  galvano-muscular  contractions  are  much  more 
marked  if  a  portion  of  the  nervous  centres  is  included  in  the 
circuit,  than  if  merely  the  motor  nerve  and  muscle  be  acted 
upon.  A  current  which,  if  applied  from  the  peronseal  nerve 
down  to  the  foot,  will  not  produce  any  motion,  does  so  if 
one  electrode  be  placed  to  the  lumbar  portion  of  the  spine 
and  the  other  to  the  peronseal  nerve  ;  and  even  more  so,  if 
one  electrode  be  placed  to  the  cervical  portion  of  the  spine 
and  the  other  to  the  perongeal  nerve. 

With  the  continuous  as  well  as  with  the  induced  current, 
the  cathode  preponderates  over  the  anode.  This  is  best 
shown  by  stimulating  two  corresponding  nerves,  say  the 
right  and  the  left  median  nerve,  in  the  same  person  at  the 
same  time.  If  the  cathode  be  placed  to  the  right,  and  the 
anode  to  the  left,  median  nerve,  the  effect  will  be  greater  in 
the  right  than  in  the  left  arm  ;  and  if  '  the  direction  of 
the  current  be  then  reversed  in  the  metallic  circuit,  so  that 
the  cathode  is  made  to  act  on  the  left,  and  the  anode  on  the 
right,  median  nerve,  the  effect  will  be  greater  in  the  left  than 
in  the  right  arm. 

If  the  intensity  of  the  current  be  increased,  an  effect  takes 
place  not  merely  on  closing,  but  also  on  opening  the  circuit ; 
and  if  it  be  further  increased,  contractions  occur  while  the 
circuit  remains  closed.  These  contractions  increase  in  force 
proportionately  to  the  intensity  of  the  current,  and  at  last 
become  tetanic. 

In  order  to  distinguish  the  effect  of  either  of  the  poles 
separately,  it  is  necessary  to  operate  with  unpolarisable 
electrodes,'  in  order  to  eliminate  the  effect  of  the  current  on 
the  sentient  nerves,  and  consequently  reflex  movements  ;  and 
to  use  the  rheostat  (p.  54),  in  order  to  graduate  in  the 
finest  possible  manner  the  power  of  the  current.      It  is  also 
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necessary  that  the  current  should  be  made  and  broken  in  the 
metallic  circuit,  the  electrodes  meanwhile  remaining 
stationary  on  the  skin.  Ziemssen,'  who  has  made  a  series  of 
accurate  observations  on  this  subject,  has  come  to  the  fol- 
lowing conclusions : — 

a.  The  lowest  intensity  which  has  any  effect  at  all  upon 
the  motor  nerve,  produces  contraction  on  closing  at  the 
cathode ; 

h.  the  next  degree  causes  a  stronger  contraction  on 
closing  at  the  cathode,  and  a  feeble  contraction  on  opening 
at  the  anode  ; 

c.  a  further  degree  causes  the  same  contractions  as  in 
6.,  and  moreover  a  feeble  contraction  on  closing  at  the 
anode  ; 

d.  the  next  degree  of  power  produces  tonic  contractions  at 
the  cathode,  which  continue  after  the  contraction  observed 
on  closing. 

e.  another  increase  of  intensity  causes  contraction  on 
opening  at  the  cathode ;  the  other  contractions  are  stronger, 
and  the  tonic  contraction  at  the  cathode  is  more  energetic. 

/.  The  highest  degree  of  intensity  causes  slight  tonic 
contraction  at  the  anode,  all  the  other  contractions  being 
extremely  powerful. 

Brenner's^  law  of  contractions  is  nearly  identical  with  that 
of  Ziemssen. 

Voltaic  alternatives. — ^Voltaic  alternatives,  caused  by 
reversing  the  direction  of  the  current  in  the  metallic  circuit, 
while  the  electrodes  remain  on  the  skin,  cause  a  more 
energetic  stimulation  of  the  motor  nerves  than  simply 
making  or  breaking  the  current.  A  current  which  is  so 
gentle  as  not  to  cause  any  effect,  either  on  closing  or  on 
opening,  will  cause  a  decided  contraction  if  a  voltaic 
alternative  be  imparted  to  it.     Brenner  has  well  explained 

'  Loc.  cit.  p.  80.  2  Loc.  eit.  toL  ii.  p.  45. 
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this,  by  showing  the  effect  to  be  due  to  a  double  difference 
being  established  at  the  two  poles.  If  six  cells  are  used, 
there  is  the  effect  of  a  current  which  rises  from  0  to  6,  on 
closing  ;  and  if  the  circuit  be  opened,  there  is  the  effect  of  a 
current  which  rapidly  falls  from  6  to  0.  In  either  case  the 
difference  is  =  6.  But  on  causing  a  voltaic  alternative,  the 
current  falls  at  one  pole  from  +  6  to  —  6,  while  on  the 
other  it  rises  from  —  6  to  +  Q.  The  difference  is  therefore 
no  longer  =  6,  but  =12.  During  this  play  of  the 
commutator,  the  cathode  retains  its  preponderance  over 
the  anode,  inasmuch  as  the  effect  is  stronger  at  the  negative 
pole  which  has  at  first  been  the  positive,  than  at  the 
positive  pole  which  has  at  first  been  the  negative. 

The  increase  of  excitability  is  particularly  great  if  the 
voltaic  alternatives  are  frequently  repeated,  and  still  more, 
if  this  repetition  is  very  rapidly  effected. 

The  Striped  Muscles. 

In  previous  editions  of  this  work  I  have  fully  discussed 
the  question  whether  there  is  such  a  force  as  inherent 
muscular  irritability — vis  musculosa  insita — acting  inde- 
pendently of  the  immediate  instrumentality  of  the  motor 
nerves,  and  have  answered  the  question  in  the  affirmative. 
Since  that  time,  the  proofs  for  this  inherent  irritability  of 
the  muscular  fibre  have  so  accumulated,  and  have  been  so 
generally  accepted  by  physiologists,  that  only  few  dissentient 
voices  are  now  heard  in  the  matter.  I  therefore  do  not  con- 
sider it  necessary  to  enter  now  as  fully  into  this  subject  as  I 
have  done  on  previous  occasions ;  and  I  will  only  say  that 
the  most  convincing  argument  for  the  existence  of  inherent 
muscular  irritability  has  been  furnished  by  Claude  Bernard's 
observations  on  the  Influence  of  electricity  on  woorarised 
frogs. 

Q 
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Bernard  ^  took  two  frogs,  and  poisoned  one  of  them  by 
inserting  a  small  piece  of  woorara  under  its  skin.  When,  at 
the  end  of  five  or  six  minutes,  the  frog  had  ceased  to  show 
signs  of  life,  the  poison  was  withdrawn.  A  portion  of  the 
lumbar  nerve  of  each  of  the  frogs  was  then  faradised 
successively,  with  the  results  that  the  muscles  of  that  frog 
which  had  not  been  poisoned  were  convulsed,  while  not  the 
slightest  twitching  occurred  in  the  muscles  of  the  poisoned 
frog.  On  the  other  hand,  when  the  electrodes  were  directly 
applied  to  the  muscles,  both  frogs  suffered  commotions,  and 
it  appeared  that  the  poisoned  frog  preserved  this  property 
even  for  a  longer  time  than  the  one  which  had  not  been 
poisoned. 

Eckhard  objected  to  this  experiment  that  it  only  showed 
paralysis  of  the  large  nerves,  but  not  of  the  small  intra- 
muscular nervous  filaments,  which  might  have  escaped  the 
paralysing  lesion;  but  Bernard  has  shown  that  the  motor 
nerves  and  muscles  lose  their  excitability  from  the  centre  to 
the  periphery  {Valli  and  Rater's  law)  only  if  they  have 
been  previously  separated  from  the  nervous  centres.  When 
the  sciatic  nerve  has  been  cut  off  from  its  connection  with 
the  cord,  faradisation  of  the  trunk  of  the  nerve  will,  after  a 
time,  no  longer  cause  muscular  contractions ;  while,  if 
branches  of  the  nerve  are  faradised  nearer  to  the  periphery, 
the  muscles  are  still  seen  to  move.  If,  however,  the  nerve 
be  kept  in  its  normal  physiological  connection  with  the 
cord,  it  loses  its  properties  in  the  inverse  ratio,  namely, 
from  the  periphery  to  the  centre.  If,  therefore,  the  criual 
nerve  of  a  frog  is  laid  bare,  and  contractions  are  no  longer 
produced  by  faradisation  of  the  nerve  near  the  muscles,  these 
latter  will  still  respond  if  the  nerve  be  faradised  near  the 
cord  ;  and  if  the  whole  nervous  trunk  has  lost  its  excitability, 

'  Comptes  rendus,  vol.  xxxi.  p.  533. 
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the  muscle  may  yet  be  made  to  contract  by  faradisation  of 
the  anterior  root  of  the  nerve.  This  is  the  way  in  which 
the  nerves  lose  their  excitability  if  animals  die  from 
haemorrhage  or  from  woorara ;  and  the  two  different  modes 
of  death  of  the  nerves  may  be  demonstrated  in  one  and  the 
same  animal.  Bernard  has  shown  that  if  the  lumbar  nerves 
of  the  right  side  of  a  frog  be  divided,  and  the  animal  be 
afterwards  poisoned  by  woorara,  the  nerves  lose  their 
excitability  in  the  direction  from  the  centre  to  the  periphery 
( Valli  and  Ritter^s  laiu)  on  the  onght  side,  where  there  is 
no  longer  any  connection  between  the  nerves  and  the  spinal 
cord ;  and  that  they  die  in  the  direction  from  the  periphery 
to  the  centre  {Bernard's  laiu)  on  the  left  side,  where  that 
connection  is  still  kept  up.  The  terminal  branches  are 
therefore  the  first,  and  not  the  last,  which  are  destroyed 
by  woorara ;  and  as,  in  spite  of  the  destruction  of  the 
properties  of  these  nervous  fibres,  the  muscles  nevertheless 
readily  respond  to  the  faradic  stimulus,  the  existence  of 
inherent  muscular  irritability  is  indisputably  proved. 

Von  Bezold  ^  found,  in  his  experiments  with  woorara,  that 
the  contractions  of  the  muscles  caused  by  direct  excitation 
of  their  fibres,  after  removal  of  the  nervous  influence,  had  the 
same  character  as  the  contractions  induced  in  miuscles  which 
had  not  been  poisoned.  According  to  this  observer  woorara 
acts  on  the  intra-muscular  nerves  by  retarding  the  propa- 
gation and  transmission  of  the  stimulation  from  the  nerve  to 
the  muscle ;  this  retardation  increases  as  time  goes  on  ;  and 
at  last  merges  into  complete  annihilation  of  the  vital  pro- 
perties of  the  nerve.  The  same  takes  place  in  the  nerve- 
trunks,  although  there  the  effect  is  not  so  rapidly  produced 
as  in  the  intra-muscular  nerves,  and  larger  doses  of  the 
poison  are  necessary  for  causing  this  effect.     The  maximum 

'  Untersuchungen  iiber    die  Einwirkung    des  Pfeilgiftes.      Eeichert's  und 
Du  Bois-Eeymond's  Archiv,  1860,  p.  168. 
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diminution  of  the  velocity  of  propagation  in  the  trunk  of  the 
sciatic  nerve  of  the  frog  was  from  26  metres  to  5*5  metres  in 
the  second. 

According  to  Briicke  the  striped  muscles  of  woorarised 
frogs  are  nearly  insensible  to  the  interruption  of  a  current 
which  is  of  very  short  duration ;  and  even  the  unpoisoned 
muscle  does  not  respond  by  contraction  to  an  extremely  short 
interruption  of  a  continuous  current  traversing  a  nerve. 

The  contractions  produced  by  applying  electricity  directly 
to  the  muscular  substance,  present  certain  peculiarities  which 
are  worth  mentioning. 

If  the  current  be  directed  to  a  motor  nerve,  the  whole 
set  of  muscles  animated  by  that  nerve  enters  into  contrac- 
tion ;  but  if  the  current  be  directly  applied  to  a  muscle, 
only  those  fibres  are  seen  to  contract  which  are  actually 
traversed  by  it.  If  it  be  intended  therefore  to  cause  the 
whole  substance  of  a  muscle  to  contract,  one  of  the 
electrodes  must  be  placed  on  its  upper,  and  the  other  one  on 
its  lower  end.  A  current  of  greater  intensity  is  required  for 
producing  muscular  contractions  without  the  intervention  of 
the  nerves  than  is  necessary  for  causing  them  by  stimulation 
of  the  nerves.  Hence  we  may  conclude  that  the  molecular 
equilibrium,  of  the  nerves  is  Tnore  easily  disturbed  by 
electricity  than  the  molecular  equilibrium  of  the  muscles. 

The  faradic  contraction  of  a  muscle  is  generally  composed 
of  two  elements  :  viz.  of  direct  stimulation  of  the  muscles, 
and  of  stimulation  of  the  intra-muscular  nerves.  The  con- 
traction is  most  powerful  if  the  electrodes  are  directed  to 
points  where  the  motor  nerves  are  easily  accessible,  but  by  a 
sufficiently  strong  current  contractions  may  be  induced  even 
if  the  electrodes  be  placed  on  points  where  dissection  does 
not  show  the  existence  of  motor  branches. 

It  was  formerly  believed  that  if  a  continuous  current  were 
directly  applied  to  a  muscle,  a  contraction  was  only  produced 
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on  closing  and  opening  the  circuit ;  but  Wundt,  Von  Bezold, 
and  Fick,  have  shown  that  the  current  may  cause  contractions 
not  only  on  making  and  breaking  the  circuit,  but  also  while 
it  remains  closed,  and  that  they  increase  in  proportion  to  the 
intensity  of  the  current. 

Onimus,^  who  recently  experimented  on  the  body  of  a 
criminal  soon  after  decapitation,  found  that  muscular  con- 
tractility is  not  lost  simultaneously  in  all  the  muscles,  but 
that  there  are  considerable  degrees  of  difference  in  this 
respect.  The  first  to  lose  their  excitability  are  the 
diaphragm  and  the  tongue,  after  which  come  the  facial 
muscles.  The  masseter  retains  its  faradic  excitability  longer 
than  any  other  muscle  of  the  face.  Within  two-and-a-half 
or  three  hours  after  death,  the  contractility  is  entirely  lost 
within  the  sphere  of  the  portio  dura.  In  the  limbs  the 
extensor  muscles  are  the  first  to  die,  while  the  flexors  retain 
their  excitability  about  an  hour  longer.  Five  or  six  hours 
after  death,  the  muscles  of  the  trunk  still  answer  to 
faradisation ;  and  the  abdominal  muscles  are  particularly 
tenacious  in  this  respect.  Long  after  the  muscles  of  the 
extremities  have  become  insensible  to  the  faradic  stimulus, 
the  abdominal  muscles,  when  exposed  to  the  air  and  cut  up, 
may  still  be  seen  to  contract.  This  corresponds  with  the 
clinical  fact  that  in  every  form  of  general  palsies,  the 
abdominal  muscles  are  the  last  to  suffer  ;  and  it  is  well  known 
that,  in  many  forms  of  paralysis,  the  extensors  suffer  more 
severely  and  sooner  then  the  flexors. 

In  proportion  as  muscular  contractility  becomes  en- 
feebled, the  mode  in  which  the  contraction  presents 
itself  is  altered.  The  muscular  fibres  appear  to  rise  just  at 
the  point  of  contact  with  the  electrodes,  while  the  inter- 
mediate  parts  answer  very  slowly ;  gradually  these  do  not 

'  LeMouvement  medical.     Paris,  feviier  1873. 


230  ELECTEO-PHYSIOLOGY  chap.  n. 

answer  at  all,  while  a  response  still  takes  place  at  the  elec- 
trodes. At  this  stage  the  muscles  do  no  longer  answer  to 
percutaneous  faradisation,  but  may  still  respond  to  the  same 
stimulus  applied  directly  to  their  tissue. 

We  shall  see  in  the  fourth  chapter  that  the  loss  or 
preservation  of  farado-muscular  excitability  may  be  used  for 
rendering  the  diagnosis  between  real  death  and  apparent 
death,  or  trance,  perfectly  certain. 

Many  interesting  physiological  facts  have  been  elicited  by 
the  application  of  electricity  to  the  study  of  the  functions 
of  the  muscles  of  the  living  body  ;  and  no  observer  has  been 
more  diligent  or  happy  in  his  researches  on  this  subject 
than  M.  Duchenne  (de  Boulogne).^ 

It  is  true  that  the  deep  strata  of  the  muscles,  covered  by 
the  superficial  ones,  will  not  clearly  show  such  phenomena. 
But  here  pathology  has  come  to  the  help  of  physiology.  In 
progressive  muscular  atrophy  the  superficial  muscles  are 
destroyed,  and  the  impediments  to  the  passage  of  electricity 
cleared  away,  so  that  in  such  cases  the  function  of  nearly 
every  muscle  in  the  living  body  may  be  ascertained.  The 
opinions  previously  held  on  the  functions  of  the  muscles 
have  thereby  been  considerably  modified.  One  of  the  most 
interesting  facts  established  by  Duchenne's  researches  is, 
that  the  extensor  communis  digitorum  muscle  has  no 
influence  on  the  extension  of  the  second  and  third  phalanges 
of  the  fingers,  but  only  on  the  first ;  that  the  interossei  and 
lumbricals  extend  the  second  and  third  phalanges  of  the 
fingers,  and  bend  the  first ;  and  that  the  flexor  sublimis  and 
profundus  muscles  bend  the  second  and  third  phalanges,  but 
not  the  first.  This  has  been  proved  by  pathological 
observations  in  cases  of  lead-palsy  and  muscular  atrophy. 

'  De  I'Electrisation  loealisee,  et  de  son  application  a  la  physiologie,  la  patho- 
logie  et  la  therapeutique.  1st  edition,  Paris,  1855;  2Ed  edition,  1862;  3rd 
edition,  1872. 
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In  lead-palsy  the  extensor  digitorum  is  paralysed,  but  not  the 
lumbricals  and  interossei.  We  therefore  find  that,  in  this 
affection,  the  power  of  extending  the  second  and  third 
phalanges  is  not  interfered  with,  but  that  the  first  phalanges 
cannot  be  extended.  On  the  other  hand,  cases  occur  where 
the  extensor  digitorum  has  not  suffered,  yet  the  hand  has 
assumed  the  form  of  a  bird's  claw  ;  the  interosseous  spaces  are 
deeply  hollowed ;  the  parts  are  altogether  wasted  ;  the  first 
phalanges  are  in  a  state  of  extension,  but  the  second  and 
third  are  flexed.  This  condition  of  the  hand  is  owing  to 
paralysis  and  atrophy  of  the  lumbricals  and  interossei,  and 
is  often  cured  by  faradisation  or  galvanisation  of  the 
suffering  muscles. 

M.  Duchenne  has  given  special  attention  to  the  function 
of  the  muscles  of  the  face,  in  order  to  arrive  at  a 
knowledge  of  the  mechanism  of  physiognomical  expressions. 
If  there  were  not  in  every  face  a  tonic  predominance  of 
certain  muscles,  most  physiognomies  would  be  alike,  as  the 
muscles  have  the  same  direction,  insertion,  and  strength,  and 
the  bones  only  differ  in  bulk.  The  facial  muscles  have  only  a 
very  small  surface,  yet  faradism  may  be  localised  in  each 
one  singly,  so  as  to  produce  isolated  contractions  of  the 
same.  A  good  way  to  show  the  part  which  every  muscle 
plays  in  the  different  physiognomical  expressions,  is  to 
faradise  the  facial  muscles  of  a  man  who  has  died  a  short 
time  before  the  experiment,  and  whose  muscles  still  retain 
their  excitability ;  for  the  living  man,  when  faradised, 
always  mixes  involuntary  movements  with  the  contraction 
of  the  stimulated  muscle  ;  which,  of  course,  impedes  the 
observation  of  the  individual  action  of  the  muscles.  The 
action  of  the  facial  muscles  is,  however,  shown  with  the 
greatest  distinctness  in  patients  suffering  from  ansethesia  of 
the  fifth  cerebral  nerve,  in  whom  the  muscles  may  be 
faradised  without  causing  any  pain,  and  therefore  without  the 
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production  of  reflex  movements  ;  but  cases  of  this  kind  are, 
unfortunately  for  clinical  demonstration,  very  rare. 

Duchenne  has  given  the  following  account  of  the  physi- 
ognomical action  of  the  muscles  of  the  face,  as  shown  by 
faradisation : — 

The  frontal  muscle,  when  slightly  contracted,  cheers  up 
the  face ;  when  more  contracted,  it  expresses  doubt  or 
surprise  ;  and  when  in  the  highest  degree  of  contraction  and 
united  with  other  muscles,  it  gives  the  expression  of  an 
agreeable  surprise  or  of  terror.  It  also  produces  horizontal 
wrinkles  in  the  forehead,  and  when  it  is  paralysed,  these 
wrinkles  disappear. 

The  pyrcLTiiidales  nasi,  which  are  in  intimate  connexion 
with  the  frontal  muscle,  and  are  therefore  considered  by 
many  anatomists  to  be  identical  with  it,  are  nevertheless 
antagonists  of  the  same ;  they  give  a  sad  expression,  and, 
when  more  contracted,  a  threatening  one.  It  forms  a 
striking  contrast  to  see  these  two  opposite  movements 
produced  in  so  small  a  space  as  the  level  of  the  eyebrows. 

Isolated  contraction  of  the  orbicularis  palpebrarum 
expresses  contempt ;  that  of  the  corrugator  superdlii 
reflection,  and  when  united  to  the  pyraTuidalis,  malice. 
The  platysma  myoides  gives  an  expression  of  pain ;  united 
with  the  frontal  muscle,  it  expresses  terror ;  and,  with  the 
pyramidalis,  rage.  Contraction  of  the  triangularis  nasi 
gives  a  sensual  expression.  The  zygomaticus  major  always 
expresses  mirth,  from  a  gentle  smile  to  the  most  boisterous 
hilarity  ;  united  with  the  frontalis,  it  gives  the  expression  of 
an  agreeable  surprise ;  and  with  the  platysma  myoides,  the 
sardonic  laugh.  The  zygomaticus  minor,  on  the  contrary, 
gives  a  melancholy  air.  The  levator  alee  nasi,  and  labii 
superioris,  is  the  crying  muscle  of  children,  and  produces 
an  ugly  grimace.  By  the  contraction  of  the  external  fibres 
of   the   orbicularis   oris,   the   lips   are   protruded,   as   for 
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kissing  and  whistling:  the  internal  fibres  press  the  lips 
against  the  teeth,  as  is  done  by  players  of  the  clarionet,  for 
pinching  the  reed  of  their  instrument  between  the  lips. 
The  levator  menti  is  the  only  muscle  in  action  in  persons 
who  repeat  their  prayers  inaudibly,  as  is  often  seen  in 
Catholic  churches.  The  tnangularis  oHs  expresses  sadness  ; 
in  children  it  is  the  precursor  of  tears  ;  in  the  maximum  of 
its  contraction  it  expresses  disgust. 

The  method  of  faradising  these  and  other  muscles  will  be 
described  in  the  third  chapter. 

Grenerally  the  most  striking  result  of  electro-muscular 
contractions  is  an  increase  of  heat  and  bulk  in  the  parts 
acted  upon. 

It  had  already  been  noticed  by  Becquerel  aud  Breschet ' 
that  an  increase  of  temperature  took  place  in  muscles 
which  had  been  made  to  work  for  some  time  consecutively; 
and  that  the  heat  in  the  biceps  of  a  man  who  had  been 
sawing  wood  for  five  minutes  at  a  time,  was  1°  C.  above  the 
heat  noticed  previous  to  it.  Helmholtz,^  who  experimented 
on  frogs,  found  that  circulation  and  the  heat  of  the  blood 
had  nothing  to  do  with  this  increase  of  heat,  but  that 
it  was  solely  owing  to  muscular  contraction.  Prof. 
Ziemssen  ^  was  the  first  to  make  systematic  researches  on 
this  point,  on  healthy  as  well  as  on  paralysed  muscles,  in  the 
human  subject.  He  used  a  thermometer  on  which  the 
twentieth  part  of  1°  C.  could  be  easily  read  off.  The  bulb  of 
this  thermometer  was  placed  into  the  sulcus  between  the 
extensor  digitorum  communis  and  the  extensor  carpi  radialis 
brevis  muscles,  and  retained  in  this  position  twenty  minutes 
before  the  experiment  commenced,  during  the  passage  of  the 


'  Annales  des  Sciences  naturelles.     Zoologie.     2*  serie,  vol.  iii.  p.  275. 
'  Miiller's  Archiv  fiir  Anatomie,  etc.  1848,  p.  144. 
^  Loc.  cit.  p.  90. 
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current,  and  some  time  after  the  current  had  ceased  to  act. 
In  some  of  these  experiments  the  skin  was  left  bare,  while  in 
others  both    skin   and    bulb    were    covered    with    flannel. 
Certain  sources  of  error  are  no  doubt  unavoidable  in  both 
modes  of  experimentation  ;  since  in  the  former  the  bulb  will 
cool  more  quickly  by  being*  in  contact  with  the  atmosphere, 
while  in  the  latter  the  normal  loss  of  heat  from  the  skin  is 
to  some  degree  prevented ;  nevertheless  the  results  of  the 
two  series  of  observations  agree  on  the  whole  so  well,  that 
the  results  which  Ziemssen  has   obtained  may  be  accepted 
without   reserve.     He  caused  the  extensor  muscles   of   the 
fore-arm   to  contract    by   applying    the    positive    electrode 
of  the  faradic  machine  to  the    radial    nerve,    between  the 
external  condyle  of  the  humerus  and  the  insertion  of  the 
deltoid  muscle,  the  negative  electrode  being  fixed  on  the 
sternum.     By  acting  in  this  way,  the  fore-arm,  and  more 
especially  the  skin  covering  the  extensors,  was  not  touched 
by  the  electrodes,  so  that  there  was  no  direct  action  of  the 
current  on  the  blood-vessels  of  the  corium.   It  then  appeared 
that  the  muscular  contractions  caused  by  faradisation  of  the 
motor  nerve  augment  the  temperature  in  the  muscles  ani- 
mated by  the  latter  and  indirectly  in  the  skin  covering  the 
same,  without  altering  the  colour  of  the  skin  or  the  calibre  of 
its  blood-vessels.     The  increase  of  heat  is  proportional  in  its 
extent  to  the  energy  and  duration  of  the  contractions.      The 
person  experimented  upon  perceives,  during  and  after  the 
experiment,  a  sensation  of  intense    heat  in   the   faradised 
muscles.     The  bulk  of  the  latter  is  likewise  increased,  so 
that  the  fore-arm  gains  one-fourth  to  one-half  inch,  and  the 
thigh  one-half  and  even    a  whole    inch  in    circumference. 
During  the  first  minute  the  mercury  fell  from  0°'l  to  0°*5 
C,  but  rose  in  the  third  minute  and  continued  to  rise  after- 
wards.    In  one  experiment  the  increase  of  heat  amounted  to 
4°*4C.  (7°'9  F.).  If  the  skin  and  bulb  were  covered  with  flannel, 
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the  temperature  rose  more  quickly  and  to  a  higher  degree  than 
when  the  skin  was  bare.  In  both  cases,  however,  the  amount 
of  heat  produced  was  the  same,  and  the  apparent  difiference 
in  the  latter  instance  was  due  only  to  the  exclusion  of  air 
from  the  faradised  part,  whereby  the  heat  which  was  gene- 
rated was  longer  preserved. 

After  the  experiment  there  was  a  tendency  towards 
equalisation  of  temperature  within  the  system,  so  that  the 
heat  of  the  rectum  and  of  the  other  colder  organs  rose  at  the 
expense  of  the  greater  heat  of  the  muscles. 

The  decrease  of  temperature,  after  the  faradic  excitation 
had  ceased,  was  slow  and  regular ;  and  it  was  more  rapid 
when  the  skin  was  exposed  to  the  air  than  when  it  was 
covered. 

In  1858,  I  made  a  number  of  experiments  on  the  heat 
developed  by  electro-muscular  contractions,  especially  on 
paralytic  patients,  which  have  led  to  the  following  conclu- 
sions : — 

1.  The  heat  observed  after  faradisation  of  the  muscles  is 
in  no  way  due  to  the  action  of  the  current  upon  the  skin. 
This  we  might  theoretically  infer  from  the  fact  that,  even 
when  the  electrodes  are  in  direct  contact  with  the  skin,  a 
faradic  current  of  moderate  power  applied  by  well-moistened 
directors  does  not  act  on  the  skin,  but  traverses  it, 
and  penetrates  to  the  muscles ;  but  the  proposition  is  also 
established  by  an  experiment  I  made  in  a  patient  suffering 
from  lead-palsy.  In  that  case  the  contractility  of  the 
extensor  muscles  of  the  right  fore-arm  was  quite  gone,  while 
a  certain  amount  of  contractile  power  still  remained  in  the 
corresponding  muscles  of  the  left  fore-arm.  On  faradising  for 
five  minutes  the  extensors  of  the  left  fore-arm,  the  tempera- 
ture was  increased  from  89°  F.  to  91°'5  F.,  while  the  same 
operation  made  in  the  same  place  of  the  right  fore-arm  did 
not  produce  any  increase  of  heat ;  but,  on  the  contrary,  the 
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heat,  which  had  been  87°'5  in  the  right  fore-arm  before  the 
electricity  was  used,  was  only  86°  F.  afterwards  ;  which  was 
owing  to  the  exposure  of  the  skin  to  the  air. 

2.  The  increase  of  heat  observed  after  faradisation  of  the 
muscles  is  not  due  to  a  greater  supply  of  blood  to  the  ar- 
teries and  veins  ;  for  these  are  not  expanded,  but  constricted 
by  direct  faradisation,  and  consequently  contain  less  blood 
after  having  been  acted  upon  than  they  do  in  their  normal 
physiological  condition. 

3.  But  the  increase  of  heat  observed  after  faradisation  of 
the  muscles  is  owing  to  an  augmentation  of  those  chemical 
changes  which  are  continually  going  on  in  the  tissue  of  a 
muscle,  and  which  constitutes  its  nutrition.  The  solid 
structure  of  a  muscle  is  imbibed  by  a  fluid,  the  composition 
of  which  is  variable.  The  liquid  taken  from  a  muscle  which 
has  been  at  rest  is  neutral  or  feebly  alkaline ;  but  after 
faradisation  it  becomes  acid,  in  consequence  of  an  augmented 
absorption  of  oxygen  and  the  formation  of  lactic  acid.  It 
is  probable  that  this  acid  is  afterwards  neutralised  in  the 
system  by  the  alkaline  carbonates  contained  in  the  blood  ; 
lactate  of  soda  being  formed,  and  carbonic  acid  being  set 
free. 

On  examining  the  quantity  of  oxygen  absorbed,  and  car- 
bonic acid  exhaled,  by  the  muscular  substance  of  frogs' 
thighs  which  have  been  skinned  and  suspended  in  vessels 
filled  with  air  or  oxygen,  it  is  found  that  if  some  of  the 
muscles  are  faradised,  and  others  not,  the  quantity  of  the 
gases  absorbed  and  exhaled  by  the  faradised  muscles  is 
more  than  double  that  absorbed  and  exhaled  during  the  same 
time  by  the  quiescent  muscles.  The  same  differences  occur 
in  the  living  muscles  of  man  ;  since,  by  the  augmentation  of 
the  chemical  changes,  the  heat  is  increased,  and  more  blood 
is  attracted  to  the  capillary  vessels  of  the  muscular  sub- 
stance, whereby  the  bulk  of  the  muscles  is  augmented. 
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4.  "With  regard  to  the  influence  of  the  direction  of  the 
current  upon  the  increase  of  heat,  I  generally  remarked  a 
slight  difference  in  favour  of  the  direct  current — moving 
from  the  centre  to  the  periphery — in  healthy  muscles  ;  and 
an  equally  slight  difference  in  favour  of  the  inverse  current 
— ^moving  from  the  periphery  to  the  centre — in  paralysed 
muscles.  In  such  comparative  experiments  the  current  used 
was  always  of  the  same  intensity,  equally  rapidly  interrupted, 
and  directed  to  the  same  muscles  for  the  same  length  of 
time. 

5.  Eespecting  the  more  or  less  considerable  rapidity  of  the 
shocks  used,  I  observed  that  the  heat  was  increased  more 
quickly  and  to  a  higher  degree,  if  a  rapidly-interrupted 
current  was  employed,  than  if  the  intermittences  were 
slow. 

The  relations  between  heat  and  muscular  work  have  been 
further  investigated  by  Beclard,^  Solger,^  Meyerstein  and 
Thiry,^  and  Heidenhain.*  The  latter  observer  found  that  a 
single  contraction  of  a  frog's  muscle,  even  after  being  sepa- 
rated from  the  body  of  the  animal,  gives  rise  to  a  slight 
increase  of  heat ;  and  that,  as  the  muscle  becomes  gradually 
exhausted,  the  development  of  heat  is  diminished.  At  a 
certain  period  the  muscle  may  still  be  able  to  contract, 
but  is  unable  to  cause  an  increase  of  temperature.  If  the 
muscle  is  stimulated,  but  prevented  from  contracting,  more 
heat  is  developed  than  if  a  muscle  is  similarly  stimulated 
but  allowed  to  contract ;  from  which  it  appears  that  the  heat 
developed  is  not  due  to  friction ;  for  if  it  were  owing  to 
that,  the  heat  would  be  greater  in  the  second  case,  while  it 
is  actually  less.  At  first  the  temperature  rises  rapidly,  and 
then  more  slowly,  until  a  maximum  is  reached,  after  which 

'  Archives  gen^rales,  etc.  1861,  vol.  xvii.  p.  21. 

*  Studien  des  physiol.  Instituts  zu  Breslau,  1862,  p.  125. 

*  Zeitschrift  fiir  rationelle  Medicin,  vol.  xx.  p.  54. 

■•  Mechanische  Leistung,  Warme-Entwicklung,  etc.     Leipzig,  1864. 
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a  gradual  fall  takes  place.  If  the  intensity  of  stimulation 
is  augmented  beyond  that  degree  which  causes  the  maximum 
of  contraction,  the  heat  developed  is  not  greater  than 
before. 

Ziemssen  has  recently  investigated  this  subject  by  the 
most  delicate  thermo-electric  tests,  and  found  all  the 
results  which  were  previously  obtained  fully  corroborated. 

Ley  den'  lias  shown,  that  when  the  cord  of  dogs  is  fara- 
dised,  tetanic  contractions  of  the  muscles  take  place,  which 
increase  the  heat  of  the  blood  by  5*2°  C,  as  shown  by  the 
thermometer  in  the  rectum.  Billroth  and  Fick^  state  that, 
when  the  cordis  faradised,  the  temperature  of  the  tetanised 
muscles  rises  more  rapidly  than  the  temperature  of  the 
rectum,  which,  in  the  normal  state,  is  higher  than  that  of  the 
muscles ;  and  that  the  muscles  then  actually  become  hotter 
than  the  rectum  and  all  the  other  organs  of  the  body. 

VI —ACTION  OF  ELECTEICITY  UPON  THE 
SENTIENT  NERVES. 

Sparks  taken  from  the  common  electrical  machine  while 
in  action,  produce  a  sharp  pungent  sensation  in  the  skin. 
The  discharge  of  a  Leyden  jar  through  the  body  causes  a  pe- 
culiar stunning  sensation,  known  as  the  electric  shock.  If  such 
a  shock  is  very  powerful,  it  may  destroy  sensation  and  con- 
sciousness altogether,  especially  if  directed  to  the  head  or 
neck  ;  but,  unless  the  electricity  is  of  very  high  tension,  it 
does  not  cause  a  diminution  of  sensibility.  Dr.  Kichardson' 
found  that  if  shocks  of  slight  or  medium  power  from  the  jar 
were  sent  in  rapid  succession  through  the  fingers,  the  last 

'  Virchow's  Archiy,  1863,  vol.  xxvi.  p.  538. 

2  Vierteljahrsschrift    der    naturforschenden  Gesellschaft   in    Zurich,   1863, 

p.  427. 

*  Medical  Times  and  Gazette,  September  11,  1858. 
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was  felt  as  severely  as  the  first,  and  the  fingers  were  afterwards 
as  sensitive  to  the  prick  from  the  point  of  a  lancet  as  they 
had  been  before." 

The  continuous  current,  when  applied  to  a  sentient  nerve, 
causes  a  sensation  of  pricking  and  heat,  resembling  that 
produced  by  a  mustard  poultice,  not  only  at  its  commence- 
ment and  cessation,  but  the  whole  time  that  the  circuit 
remains  closed.  The  sensation  produced  by  a  gentle  current 
is  slight  and  not  unpleasant,  like  that  of  a  poultice  made  of 
meal  with  a  slight  addition  of  mustard  ;  but  a  strong  current 
gives  rise  to  a  severe  burning  pain.  The  sensations  produced 
differ  likewise  according  to  the  condition  of  the  electrodes 
used ;  if  these  be  dry,  the  feeling  of  heat  predominates  over 
that  of  pricking,  and  is  very  unpleasant  when  the  current  is 
strong  ;  but  if  moistened  conductors  are  employed,  the  sen- 
sation is  not  so  unpleasant ;  and  wherever  there  is  a  morbid 
increase  of  excitability  in  a  nerve,  the  galvanic  sensation  is 
often  termed  '  pleasant '  or  '  delightful.'  As  a  rule,  the 
effect  on  the  sentient  nerves  increases  proportionately  to 
the  length  of  time  during  which  the  current  is  made  to  act, 
since  the  latter  improves  the  conductivity  of  the  skin  and 
subjacent  tissues  (p.  222)  ;  but  if  the  current  be  applied  for 
a  considerable  length  of  time,  viz.  from  twenty  to  thirty 
minutes,  the  sensations  of  pricking  and  heat  gradually  give 
way  to  a  feeling  of  numbness. 

Marianini^  was  the  first  to  investigate  the  influence  which 
the  direction  of  the  current,  applied  to  sentient  nerves,  has 
on  the  production  of  the  physiological  effects ;  and  he 
arrived  at  the  conclusion  that  the  sensation  was  strongest  on 
making  the  inverse  and  on  breaking  the  direct  current ; 
that  is,  just  the  reverse  of  what  takes  place  when  the  motor 
nerves  are  galvanised ;  for  muscular  contractions  are  more 

'  '  Memoire  sur  la  secousse  qu'eprouvent  les  animaux,  etc.,'  in  Annales  de 
Chimie  et  de  Physique.     Paris,  1829,  vol.  xl.  p.  225. 
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easily  produced  on  making  the  direct  and  on  breaking  the 
inverse  current.  Therefore,  if  mixed  nerves  are  excited,  the 
phenomena  would  be  as  follows  : 


Direct  Current 

Inverse  Current 

Making 

Breaking 

Making 

Breaking 

Contraction 

Sensation 

Sensation 

Contraction 

The  sensations  produced  by  faradisation  of  the  sentient 
nerves  vary  according  to  the  tension  of  the  electricity  used, 
the  rapidity  with  which  the  shocks  succeed  each  other,  and 
the  condition  of  the  conductors  which  are  used  for  the 
transmission  of  the  current.  If  the  electricity  be  of  low 
tension,  it  causes  a  slight  pricking  sensation  ;  while  if  it  be 
of  high  tension,  intolerable  pain  is  produced.  A  rapidly- 
interrupted  volta-faradic  current  has  more  effect  on  the  sen- 
tient nerves  than  a  slowly  interrupted  one ;  because  sentient 
nerves  have  the  property  of  perceiving  the  effects  of  impres- 
sions some  time  after  these  have  been  made.  If  a  sentient 
nerve  in  its  normal  condition  be  subjected  to  the  action  of  a 
single  and  slight  shock  from  an  induction  apparatus,  the 
sensation  caused  by  it  is  trifling ;  but  if  a  second  shock 
rapidly  succeed  the  first,  the  sensation  is  more  marked ; 
because  the  nerve  is  no  longer  in  its  normal  physiological 
condition  when  it  receives  the  second  shock,  but  in  an  ex- 
cited state  ;  a  third  shock  has  more  effect  than  the  second, 
and  so  on.  If  the  velocity  of  the  intermittences  be  very 
great,  and  the  current  sent  for  a  certain  length  of  time 
through  the  trunk  of  a  nerve,  a  maximum  of  stimulation  is 
reached ;  after  which  the  sensibility  of  the  nerve  is  di- 
minished, and  even  falls  below  its  normal  standard. 

Electrical  ancesthesia. — The  question  whether  surgical 
anaesthesia  might  be  caused  by  electricity  has,  at  various 
times,  occupied  the  professional  mind.     It  has  been  alleged 
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that  teeth  might  be  extracted  without  pain  by  the  aid  of 
galvanism,  and  that,  in  great  surgical  operations,  electricity 
might  be  substituted  for  chloroform.  Experience,  however, 
has  shown  that  no  form  of  electricity  can  be  used  as  a  direct 
anaesthetic  ;  and  that  when  surgical  operations  are  performed 
with  the  aid  of  electricity,  the  patient  feels  not  only  the 
pain  of  the  operation,  but  also  in  addition  to  it  the  electric 
shock. 

Dr.  Kichardson's  researches  on  voltaic  narcotism  will  be 
mentioned  in  a  subsequent  chapter  ;  but  I  may  say  at  once 
that  electricity  has  no  share  in  the  production  of  that  form 
of  anaesthesia. 

Although,  therefore,  electricity  is  no  anaesthetic  in  the 
ordinary  sense  of  the  word,  yet  a  considerable  reduction  of 
sensibility  in  a  ner^'e  may  be  accomplished  by  it.  If  a 
rapidly-interrupted  faradic '  current  of  medium  intensity  be 
sent  through  the  trunk  of  a  nerve — say  the  ulnar,  or  the 
sciatic — by  placing  a  moistened  conductor  connected  with  the 
positive  pole  to  a  point  of  the  skin  where  the  trunk  of  such  a 
nerve  is  accessible,  and  another  moistened  director  connected 
with  the  negative  pole  to  the  terminal  branches  of  the  nerve, 
and  the  action  of  the  current  be  kept  up  for  a  quarter  of  an 
hour  or  more,  the  pain  which  is  caused  by  this  proceeding- 
becomes  much  less  after  a  time  than  it  was  at  the  beginning 
of  the  experiment,  and  a  feeling  of  numbness  is  produced  in 
the  limb.  The  tension  of  the  current  may  then  be  gradually 
increased  to  an  enormous  extent,  without  causing  any 
inconvenience  to  the  person  experimented  upon  ;  while  such 
electric  power  would  at  first  have  been  unendurable.  If  the 
tension  of  the  current  be  then  again  diminished,  the  person 
experimented  upon  appears  to  be  quite  insensible  to  shocks 
which  had  perhaps  caused  him  much  inconvenience  pre- 
viously. 

Independently  of  the  direction  of  the  current,  the  negative 
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pole  of  a  constant  battery  and  of  induction  machines  has  a 
stronger  effect  on  the  sentient  nerves  of  the  skin  than  the 
positive  pole.  This  circumstance  may  enable  us  to  tell  the 
direction  of  the  current  in  an  electrical  apparatus,  provided 
that  certain  precautions  be  taken.  It  is  necessary,  in  the 
first  place,  that  similar  or  nearly  similar  parts  of  the  skin 
should  be  acted  upon  ;  since  the  epidermis  is  not  of  the 
same  thickness  in  all  parts  of  the  body,  and  electricity  is  less 
strongly  felt  where  the  epidermis  offers  much  resistance  to  its 
passage  ;  moreover,  the  distribution  of  sentient  nerves  is  not 
equal  in  all  parts  of  the  skin,  and  electricity  is  always  felt 
more  on  parts  which  are  richly  endowed  with  nervous  fibres, 
such  as  the  face,  than  on  parts  which  possess  less  abundant 
ramifications.  It  is  also  essential  that  the  size  and  condition 
(moist  or  dry)  of  the  conductors  should  be  equal,  since  a  cur- 
rent of  the  same  power  possesses  more  density  if  conveyed  by 
a  small  electrode,  than  if  transmitted  by  a  conductor  with 
large  surface ;  and  a  moistened  director  will  act  less  on  the 
skin  and  more  on  the  muscles,  while  a  dry  conductor  will  act 
more  on  the  skin  and  less  on  the  muscles.  If,  however,  the 
precautions  just  described  be  taken,  it  is  easy  to  distinguish 
the  negative  from  the  positive  pole,  by  the  stronger 
sensation  caused  by  the  former.  It  frequently  happens  that 
no  sensation  at  all  is  produced  by  the  application  of  the 
positive  pole,  and  the  negative  pole  is  the  only  one  that  is 
felt.  I  have  verified  this  fact  on  many  patients,  who  have 
been  able  to  tell  the  direction  of  the  current,  after  they  had 
been  informed  that  the  strongest  sensation  is  produced  at 
the  negative  pole. 

The  difference  alluded  to  is  especially  remarkable  if  the 
feet  of  the  patient  are  immersed  in  two  basins  filled  with 
water  and  connected  with  the  poles  of  the  apparatus ;  in 
this  instance  the  sensation  is  always  stronger  in  that  limb 
which  is  under  the  influence  of  the  cathode.      If  the  hands 
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are  plunged  into  the  basins,  the  effect  is  not  quite  so  evident, 
as  the  epidermis  of  the  right  hand  is  generally  thicker  than 
that  of  the  left,  in  consequence  of  the  greater  use  habitually 
made  of  the  right  hand.  If  therefore  the  cathode  be  acting 
on  the  left  hand,  the  sensation  is  stronger  in  the  left  than  in 
the  right  hand  ;  but  if  the  cathode  be  directed  to  the  right, 
the  sensations  are  nearly  the  same  in  both  hands,  as  the  more 
powerful  stimulus  conveyed  to  the  right  hand  is  compensated 
by  the  greater  resistance  offered  by  its  epidermis  to  the 
passage  of  the  current. 

There  are  sentient  nerves  not  only  in  the  skin,  but  also  in 
the  muscular  tissue ;  and  by  faradising  or  galvanising  the 
latter,  a  peculiar  sensation  is  produced,  which  varies  in 
strength  according  to  the  power  of  the  current  that  is  used. 
Duchenne  has  called  this  kind  of  sensibility  '  electro- 
muscular  sensibility.'  Remak  has  denied  that  there  is  any 
such  kind  of  sensibility;  and  Duchenne  has  .certainly  in 
some  instances  confounded  it  with  the  sensibility  of  the 
periosteum  and  perichondrium ;  yet  there  is  no  doubt  that 
every  electro-muscular  contraction  is  accompanied  by  a 
special  sensation,  which  exists  independently  of,  and  is  quite 
different  from,  electro-cutaneous  sensation. 


Vn.— ACTION  OF  ELECTRICITY  UPON  THE  INHIBITORY 

NERVES. 

Inhibitory  nerves  are  those  which,  when  irritated  by 
mechanical,  chemical,  or  electrical  stimulants,  arrest  or 
inhibit  the  movements  which  are  caused  by  stimulation  of 
the  motor  nerves.  Some  physiologists  being  still  inclined 
to  doubt  the  existence  of  inhibitory  nerves,  it  may  be  well 
to  state  at  the  outset  that  the  existence  of  this  particular  set 
of  nerves  is  indisputably  proved  by  the  following  facts  : — In 
woorarised  animals,  in  which  the  motor  nerve-fibres    have 
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become  completely  paralysed,  inhibitory  effects  may  still  be 
produced ;  while  in  atropised  animals  no  inhibitory  effects 
can  be  produced,  although  the  motor  and  other  nerves  re- 
main in  their  normal  condition. 

These  nerves  appear  to  have  no  specific  histological 
qualities  which  distinguish  them  from  other  nerves  ;  nor 
does  it  seem  that  the  impulses  which  put  them  into  action 
are  specific  ;  but  their  peculiar  function  is  unquestionably 
owing  to  the  arrangement  of  their  peripheral  termination. 

Prof.   Weber,  who   was  the  first  to  describe  phenomena 
of  inhibition,  has  also  shown  that  inhibitory  nerve-fibres  do 
not  go   directly  to  the  muscles,  the   action  of  which  they 
inhibit,  but  that  they  enter  into  controlling  centres  or  in- 
hibitory ganglia,  which  rule  the  action  of  the  muscles.     We 
know  now  that  in  no  case    inhibitory  nerve-fibres    proceed 
directly  to  the  muscular  substance  of  the  organs  which  they 
control,   but   that   the  influence  of  inhibition  takes  place 
indirectly,  by  the  inhibitory  nerves   altering  the  energy  of 
the  motor   ganglia.     This  is  the  reason  why  we  find  that 
inhibition  is  generally  exercised,  not  upon  individual  muscles, 
but  upon  sets  of  muscles.     The   centres  for  these  sets   of 
muscles  are  distributed,  in  the  shape  of  crowds  of  nerve-cells, 
in  the  cerebro-spinal  centres  and  the  peripheral  nerves. 
1    Inhibitory  nerves  of  the  heart :  the  pneumogastric. — 
Prof.  Weber,  of  Leipzig,  has  discovered  that  irritation  of 
one  or  both  pneumogastric  nerves,  or  of  their  centre,  which 
is  the  medulla  oblongata,  may  diminish  or  altogether  arrest 
the  heart's  action.       It  had  long  been  known  that  liga- 
ture  or  section   of  the   same  nerve   accelerated  the   pulse  ; 
and  the  two  kinds  of  experiments  therefore  appear  to  sup- 
plement   and    corroborate    one    another.       Prof.  Budge,  of 
Greifswald,  noticed   the   inhibitory  effect  of  the  pneumo- 
gastric nerve  on  the  heart's  action  about  the  same  time  as, 
and   independently  of,  Weber;  and  this  subject  has  since 
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then  been  the  favourite  study  of  experimental  physiologists, 
amongst  whom  Claude  Bernard  stands  facile  princeps.  The 
latter  observer  has  found  that  when  the  pneumogastric 
nerves  are  electrically  irritated  without  having  been 
previously  divided,  the  action  of  the  heart  as  well  as 
the  respiratory  movements  are  arrested,  and  the  eyes 
protrude ;  from  which  it  appears  that  these  nerves  have 
at  the  same  time  a  centripetal  and  a  centrifugal  action ; 
and  that  after  section  of  the  nerves,  faradisation  of  their 
central  and  peripheral  ends  produces  altogether  different 
effects. 

Faradisation  of  the  centred  ends  causes  the  pupils  to  dilate 
and  the  eyes  to  protrude  ;  on  discontinuing  the  irritation, 
the  eyes  are  drawn  back  into  the  orbs,  and  the  pupils  are 
contracted.  The  same  proceeding  has  no  effect  upon  the 
action  of  the  heart,  and  if  the  current  be  gentle  the  respiratory 
movements  also  continue  undisturbed  ;  but  if  a  strong  current 
be  used,  the  respiratory  movements  are  arrested  during  in- 
spiration, the  blood  in  the  carotid  arteries  becomes  black,  and 
a  passive  congestion  of  the  mucous  membrane  of  the  mouth  is 
produced ;  the  tongue  appears  brownish-black,  from  momen- 
tary asphyxia,  but  the  arteries  continue  to  beat.  As  soon, . 
however,  as  the  current  ceases  to  act,  the  respiratory  move- 
ments recommence,  and  the  velocity  with  which  they  succeed 
each  other  is  then  greater  than  it  was  before  the  experiment. 
Faradisation  of  the  central  ends  of  the  vagi  likewise  causes 
sugar  to  appear  in  the  blood,  the  cerebro-spinal  liquid,  and 
the  bile,  while  the  secretion  of  urine  is  arrested,  and  a  flow 
of  saliva  observed ;  this  latter  being  more  viscid  than  that 
which  is  secreted  on  faradising  the  lingual  nerve  and  the 
chorda  tympani. 

Faradisation  of  the  peripheral  ends  of  the  vagi  does  not 
stop  the  respiratory  movements,  but  arrests  the  pulsations 
of  the  heart  and  arteries,  and  generally  causes  vomiting. 


246  ELECTEO-PHYSIOLOGY  ciiap.  n. 

That  faradisation  of  the  entire  vagus  and  of  its  central 
end  should  produce  diabetes,  while  a  similar  irritation  of  the 
peripheral  end  of  the  nerve  should  have  no  such  effect,  is,  ac- 
cording to  Cyon,  owing  to  the  circumstance  that  the  former 
proceeding  increases  the  inhibitory  action  of  the  nerve  on  the 
vaso-motor  nerves  of  the  liver.  A  powerful  current  produces 
complete  paralysis  of  these  vaso-motor  nerves,  and  thus 
causes  diabetes.  When  the  pneumogastric  is  divided,  we 
have  the  opposite  condition,  viz.  unrestrained  action  of  the 
vaso-motor  nerves,  and  diminished  production  of  sugar.  It 
has  been  attempted  to  conclude  from  these  observations 
that  the  beneficial  effect  of  opium  in  diabetes  is  owing  to  its 
lessening  the  excitability  of  the  pneumogastric. 

Arloing  and  Tripier  ^  have  shown  that  there  is  a  decided 
difference  between  the  right  and  left  nerve,  inasmuch  as  the 
right  acts  more  energetically  on  the  heart  than  the  left, 
while  the  left  modifies  the  resjpiratory  movevients  more 
profoundly  than  the  right.  They  say  that  the  heart's  action 
is  more  completely  arrested  by  faradisation  of  the  peripheral 
end  of  the  vagus  than  by  irritation  of  the  undivided  nerve. 
Faradisation  of  the  peripheral  end  arrests  the  heart's  action 
during  diastole,  while  irritation  of  the  central  end  tends  to 
to  inhibit  it  during  systole. 

All  the  experiments  hitherto  described  have  been  made 
with  the  induced  current ;  but  Prof.  Donders  ^  has  lately 
made  some  important  researches  on  the  same  subject  with 
the  aid  of  the  constant  current,  and  found  that  Pfliiger's  law 
obtains  for  this  nerve  as  well  as  for  the  motor  nerves ;  viz. 
that  the  establishment  of  catelectrotonus  propagates  in  the 
nerve  a  stronger  action  than  the  disappearance  of  anelectro- 
tonus.     In  these  experiments  he  used  a  current  of  four  cells 


'  Brown-Sequard's  Archives  de  Physiologie,  mars  1873,  p.  17o. 

-  Archives  neerlandaises  des  sciences  exactes.et  naturelles,  tome  vi.  p.  328. 
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of  Grove's  battery,  with  unpolarisable  electrodes  ;  and 
registered  on  a  revolving  cylinder  the  pulsations  of  the  heart 
by  the  application  of  Konig's  stethoscope  to  the  exterior  of 
the  cardiac  region  of  rabbits  previously  shaved.  Closing 
and  opening  of  the  circuit  was  produced  in  the  same  manner 
and  with  the  same  velocity  by  means  of  a  chronoscope, 
with  a  tuning-fork  making  fifteen  vibrations  in  the  second. 
A  descending  movement  of  the  platinum  points  dipped 
into  mercury,  so  as  to  close  the  circuit,  was  made  in  0*0104 
of  a  second  ;  and  the  ascending  movement,  which  opened  the 
circuit,  was  made  in  0*0092  of  a  second. 

The  theory  that  the  pneumogastric  is  an  inhibitory  nerve, 
has  been  combated  by  Schiff  and  Moleschott,  who  have 
endeavoured  to  show  that  the  pneumogastric  is  the  motor 
nerve  of  the  heart,  but  that  its  energy  is  easily  exhausted, 
even  if  it  be  only  slightly  irritated.  Their  reasoning  has, 
however,  as  yet  been  unable  to  shake  Weber's  theory  of  inhi- 
bition, which  is,  amongst  others,  most  strongly  supported  by 
Groltz's  experiment,  in  which  the  frog's  heart  is  caused  to  stand 
still  during  diastole  by  knocking  the  abdomen  or  the  bowels 
of  the  animal  with  a  spatula.  The  way  in  which  the  heart 
is  reached  in  the  experiment  is  as  follows : — The  stimulus 
conveyed  by  the  blow  reaches  at  first  the  sentient  nerves  of 
the  abdomen  ;  these  carry  the  impressions  to  the  spinal  cord, 
from  whence  it  travels  upwards  to  the  medulla  oblongata. 
The  origin  of  the  vagus  is  now  reached,  and  from  these  the 
heart's  action  is  arrested.  That  such  is  really  the  case  is 
shown  by  altering  the  conditions  of  the  experiment.  If  the 
pneumogastric  has  been  previously  divided  on  both  sides 
the  abdomen  may  be  knocked  many  times,  yet  no  action  on 
the  heart  is  perceptible.  Sudden  death,  after  a  blow  or  kick 
on  the  abdomen,  or  after  the  introduction  of  a  catheter,  may 
be  explained  by  the  results  of  this  experiment. 

2.  Inhibitory  nerves  of  respiration  :  the  superior  laryn- 
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gecd  nerve. — Prof.  Eosenthal,^  of  Berlin,  considers  that  the 
superior  laryngeal  nerve,  which  is  given  off  from  the 
lower  end  of  the  ganglion  of  the  pneumogastric,  has 
inhibitory  effects  upon  the  diaphragm,  and  arrests  inspi- 
ration. He  found  that,  by  dividing  the  pair  of  nerves  and 
then  faradising  their  central  ends,  movements  of  deglutition 
occurred,  and  the  diaphragm  stood  still.  A  very  gentle 
current  only  diminished  the  respiratory  movements  ;  but  on 
increasing  the  faradic  power,  the  glottis  was  closed,  respira- 
tion arrested,  and  the  diaphragm  relaxed.  By  a  maximum 
of  power  the  expiratory  muscles  were  contracted.  Just  as 
faradisation  of  the  pneumogastric  arrests  the  heart's  action, 
faradisation  of  the  superior  laryngeal  arrests  respiration. 
The  same  influence  therefore,  which  determines  movements 
of  deglutition,  protects  the  air-passages  from  the  entrance 
of  foreign  bodies,  by  arresting  temporarily  the  act  of  respi- 
ration. 

All  subsequent  observers  have  corroborated  the  accuracy 
of  Eosenthal's  experiments,  but  Goltz  and  Schiff  have  given 
a  different  explanation  of  the  same.  They  say  that  the 
superior  laryngeal  may  have  an  inhibitory  effect,  but  does 
not  contain  special  inhibitory  fibres;  that  faradisation  of 
other  sentient  nerves  will  arrest  respiration,  and  that  such 
cessation  of  breathing  is  one  of  the  commonest  phenomena 
observed  in  animals  during  vivisections.  The  subject  appears 
to  require  further  elucidation. 

3.  Inhibitory  nerves  of  the  blood-vessels :  the  depressor 
nerve. — Ludwig  and  Cyon  have  discovered  that  a  small  nerve 
which  arises  irom  the  superior  laryngeal,  possesses  the 
property  of  dilating  the  blood-vessels  and  of  diminishing  the 
frequency  of  the  pulse.  This  nerve  runs  along  the  carotid 
artery   close   by,  but  quite   distinct  from,  the  sympathetic, 

'  Die  Athembewegungen  unci  ihre  Beziehimgen  zum  Nervus  vagus.  Berlin, 
1862. 
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and  ends  by  uniting  with  branches  of  the  ganglion  stellatum, 
and  forming  a  plexus  between  the  aorta  and  the  pulmonary 
artery.  If  this  nerve  be  divided  and  its  peripheral  end 
faradised,  no  result  is  seen ;  but  on  faradising  its  central 
end,  the  pressure  of  blood  in  the  vessels  appears  to  diminish, 
not  only  in  the  carotids,  but  in  remote  branches  of  the 
aorta,  the  pulsations  of  the  heart  being  at  the  same  time 
retarded.  If  the  experiment  be  continued  for  some  time, 
the  heart  gradually  resumes  its  previous  action,  showing 
that  the  effect  on  the  heart  and  on  the  blood-vessels  is  not 
the  same.  The  depressor  nerve  does  not  act  by  diminishing 
the  force  of  the  heart's  action  ;  for  if  the  pneumogastric  be 
divided,  and  the  upper  portion  of  the  sympathetic  in  the 
dorsal  region  be  removed,  together  with  the  ganglion 
stellatum  and  all  its  branches,  faradisation  of  the  central 
end  of  the  depressor  nerve  still  continues  to  cause  a 
diminution  of  pressure  in  the  blood-vessels.  The  depressor 
nerve  diminishes  the  pressure  of  blood  by  affecting  certain 
nervous  centres  for  the  muscular  coats  of  the  blood-vessels, 
which  are  situated  in  the  brain. 

4.  Inhibitory  nerves  of  the  intestines :  the  splanchnic 
nerves. — In  1856  Pfliiger'  discovered  that  the  splanchnic 
nerves  have  an  inhibitory  influence  upon  the  movements  of 
the  intestines.  Faradisation  of  these  nerves,  which  take 
their  rise  from  the  six  lower  dorsal  ganglia  of  the  sympa- 
thetic, causes  the  peristaltic  movements  of  the  small  intestines 
to  be  arrested.  Prof.  Lister,2who  has  experimented  upon  the 
same  subject,  inclines  to  the  opinion  that  the  inhibiting 
influence  is  only  produced  if  a  strong  current  be  applied 
to  the  splanchnic  nerves ;  but  that  there  is  an  increase  of 


'  Ueber  das  Hemmungs-Nervensystem  fiir  die  peristaltischen  Bewegungen 
der  Gedarme.     Berlin,  1856. 

^  Preliminary  account,  &c.,  in  Proceedings  of  the  Koyal  Society,  Vol.  i.  No. 
32. 
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function  in  them  if  they  are  acted  upon  by  a  gentle  current. 
Biffi,  Kupffer,  and  Ludwig  have  thrown  doubts  upon  the 
accuracy  of  Pfliiger's  experiments ;  but  if  proper  care  be 
taken  not  to  irritate  any  motor  fibres  at  the  same  time,  the 
experiment  always  succeeds. 

Ludwig  and  Cyon  have  found  that  sections  of  the 
splanchnic  nerves  lowers  the  pressure  in  the  vessels,  while 
faradisation  of  their  peripheral  extremity  increases  it. 
After  section  of  the  splanchnic  nerves  faradisation  of  the 
depressor  nerve  has  no  effect ;  so  that  a  close  connection 
between  these  two  nerves  is  rendered  manifest. 

VIII.— ACTION  OF  ELECTRICITY  UPON  THE  HEAET.     : 

The  phenomena  produced  by  faradisation  of  the  heart  differ 
according  to  the  parts  of  the  organs  which  are  acted  upon. 
The  heart  receives  its  nervous  supply  from  four  sources ; 
viz. :  1 .  The  sympathetic  ganglia,  which  are  situated  in  the 
substance  of  the  heart  itself,  and  which,  as  Bidder  and 
Eosenberger  have  shown,  are  found  clustered  together  in  the 
lines  of  junction  between  the  auricles  and  ventricles,  and 
between  the  auricles  and  the  great  veins  ;  these  impart  to 
the  heart  the  power  of  beating  rhythmically.  2.  The 
motor  nerves,  which  from  the  cervical  sympathetic  send  the 
motor  impulse  to  the  heart.  3.  BezoWs  cardiac  nervous 
centre  in  the  medulla  oblongata ;  and  4.  The  depressor 
nerve. 

Faradisation  of  the  ventricle  and  the  atrium  of  a  frog's 
heart,  which  is  still  actively  pulsating,  causes  the  heart  to 
contract,  so  that  its  movements  may  cease  altogether  ;  but 
on  applying  the  electrodes  to  the  bulbus  aortse,  the  pulsa- 
tions become  more  powerful ;  they  disappear  entirely  if  the 
current  be  caused  to  act  on  the  vena  cava,  and  begin  again 
after  the  cessation  of  the  current.     These  differences   may 
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be  understood  by  remembering  that  some  of  the  nerves  of 
the  heart  impart  to  it  motive  power,  and  that  faradisation 
of  them  augments  the  heart's  action,  while  others  regulate 
and  inhibit  its  action ;  and  that  faradisation  of  these  latter 
will  arrest  the  work  of  the  heart. 

When  after  the  death  of  an  animal  the  heart  has  ceased  to 
beat,  and  it  is  then  faradically  excited,  pulsations  become 
again  perceptible,  and  these  are  more  marked  in  the  right 
than  in  the  left  ventricle.  After  death  the  left  ventricle  is 
generally  firmly  contracted,  and  insensible  to  the  electric 
stimulus ;  the  right  ventricle,  on  the  contrary,  is  almost 
always  loaded  with  blood,  and  contracts  powerfully  when 
faradised.  In  animals  killed  by  chloroform,  sometimes  the 
left  ventricle  continues  to  beat  feebly,  while  the  action  of 
the  right  ventricle  is  arrested,  from  being  distended  by  venous 
blood.  Faradisation  of  the  right  side  of  the  heart  will  then 
cause  its  pulsations  to  begin  again,  and  the  dilatation  is  at 
once  lessened.  Baron  Humboldt  has  made  some  interesting 
experiments  with  frictional  electricity  on  the  heart  of  a  carp 
which  had  been  cut  out  of  the  body.^  Immediately  after  that 
operation  thirty-four  pulsations  occurred  in  the  minute  ;  the 
heart  was  then  touched  with  a  solution  of  protosulphide  of 
potassium,  after  which  the  beats  fell  to  nine.  Five  minutes 
after  the  heart  had  been  removed  there  were  only  three  pul- 
sations in  the  minute.  Feeble  discharges  from  a  jar  were 
now  directed  to  the  substance  of  the  heart,  when  the  pulsa- 
tions rose  to  twenty-eight ;  a  somewhat  stronger  discharge 
was  then  administered,  and  the  pulsations  again  fell  to 
eight ;  a  still  stronger  discharge  entirely  destroyed  the  con- 
tractility of  the  organ,  and  no  further  pulsations  could  be  in- 
duced. 

'  TJntersuchungen  iiber  die  gereizte  Muskel-  und  Nerrenfaser.  Posen  and 
Berlin,  1797,  vol.  ii.  p.  214. 
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The  following  experiment  is  described  in  the  Eeport  of 
the  Committee  on  the  Uses  and  Effects  of  Chloroform,  in- 
stituted by  the  Koyal  Medical  and  Chirurgical  Society.^  In 
this  experiment  I  administered  the  faradic  current : — 

'  A  large  dog  was  made  to  inhale  the  mixture  a  (alcohol 
1  part,  chloroform  2  parts,  ether  3  parts)  by  means  of  a 
towel.  He  became  insensible  at  2  min.  15  sec.  The  heart 
stopped  at  10  min.  55  sec.  Gralvanism  [faradism]  was 
applied,  the  one  pole  to  the  needle  in  the  heart,  the  other 
to  the  mucous  membrane  of  the  prepuce,  the  current  being 
slight  in  force  and  interrupted.  At  11  min.  voluntary 
efforts  at  respiration  commenced.  These  movements  of 
respiration  continued  regularly  till  11  min.  50  sec,  when 
they  ceased.  During  this  period  no  galvanism  was  applied. 
The  needle  did  not  indicate  any  movement  of  the  heart. 
Gralvanism  was  then  again  employed,  and  at  1 3  min.  50  sec. 
the  animal  again  commenced  to  breathe,  and  some  move- 
ment of  the  heart  was  observed.  At  15  min.  30  sec.  the 
respiration  was  regular,  the  heart  beating  140  per  minute. 
The  galvanism  was  gradually  discontinued.  At  1 8  min.  the 
animal  was  breathing  regularly.  At  20  min.  the  cornea 
became  sensible,  and  the  animal  recovered.' 

Dr.  Steiner,^  of  Vienna,  has  made  some  experiments  in 
animals  whose  hearts  had  ceased  to  beat.  He  put  the  cathode 
on  the  prepuce  or  the  vagina,  and  connected  the  anode  with 
the  needle  in  the  heart ;  in  other  cases  the  negative  electrode 
was  put  to  the  seventh  insercostal  space,  the  skin  having 
first  been  injured  to  allow  the  transmission  of  the  current. 
In  six  cases  he  succeeded  in  resuscitating  the  animals  ;  in  ten 
he  was  unsuccessful ;  but  seven  experiments  with  artificial 
respiration  failed  likewise. 

'  Medico-Chirurgical  Transactions.     London,  1864. 
2  Archiv  fiir  ChiriTrgie,  vol.  xii.  1871,  p.  741. 
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IX.— ACTION  OF  ELECTRICITY  UPON  THE  CONTRACTILE 
FIBRE-CELLS. 

All  forms  of  electricity  have  a  marked  action  upon  the  mus- 
cular fibre-cells,  but  more  especially  so  the  induced  current. 

If  an  electric  shock  be  applied  to  a  voluntary  muscle,  it 
contracts,  and  then  as  quickly  relaxes ;  while  the  movements 
induced  by  the  application  of  electricity  to  the  contractile 
fibre-cells  do  not  occur  simultaneously  with  it,  but  only  some 
time  afterwards.  The  only  exception  from  this  rule  is  made 
by  the  iris,  which  resembles  in  this  respect  the  voluntary 
muscles.  The  motion  once  excited  in  the  fibre- cells  con- 
tinues for  some  time  after  the  cessation  of  the  current, 
and  is  not  confined  to  the  parts  to  which  the  electricity  has 
been  directly  applied,  as  is  the  case  with  the  voluntary 
muscles,  but  is  propagated  to  other  portions  of  the  same 
tract.  It  has,  however,  been  shown  by  Helmholtz  and 
Fick,  that  both  the  striped  and  unstriped  fibres  pass 
actually  through  the  same  periods  of  contraction  ;  and  that 
there  is  only  a  difference  as  regards  the  rapidity  with  which 
these  latter  succeed  each  other. 

The  continuous  current  causes  contractions  on  closing  the 
circuit,  and  while  it  remains  closed.  The  power  of  the 
current  employed,  and  the  length  of  time  during  which  its 
action  is  kept  up,  determine  the  intensity  and  duration  of 
the  movements. 

It  is  an  interesting  fact  that  these  contractions  always  take 
place  in  an  order  which  corresponds  to  the  physiological 
purpose  ;  since  by  faradisation  or  galvanisation  of  the  in- 
testines, we  can  only  cause  peristaltic,  but  no  anti-peristaltic 
contractions  ;  if  the  uretheres  are  acted  upon,  the  contraction 
proceeds  from  the  kidneys  to  the  bladder,  but  never  in  the 
opposite  direction,  whatever  may  be  the  intensity  and  the 
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direction  of  the  current,  and  whatever  may  be  the  portion  of 
the  tract  to  which  the  electrodes  have  been  applied. 

The  effects  of  electricity  on  the  unstriped  fibres  have 
been  investigated  in  living  and  dead  animals,  and  in  bodies 
of  criminals  after  execution.  Kesearches  of  the  latter  kind 
were  chiefly  undertaken  by  M.  Nysten,^  during  the  wholesale 
slaughter  which  accompanied  the  first  French  Ee  volution ; 
and  more  recently  by  Henle,  Kolliker,  Grerlach,  Harless, 
Onimus,  and  others.  The  results  of  these  experiments  are 
somewhat  at  variance  with  each  other  ;  which  is  no  doubt  due 
to  the  circumstance  that  some  have  employed  the  continous, 
and  others  the  induced,  current ;  and  that  those  who  have  em- 
ployed the  continuous  cm^rent  have,  in  some  instances,  made 
use  of  very  feeble  batteries. 

The  Iris. 

Faradisation  of  the  iris  causes  a  rapid  change  in  the  shape 
of  the  pupil,  which  ceases  as  soon  as  the  current  ceases  to 
act.  According  as  the  radiating  or  circular  fibres  of  the  iris 
are  affected,  dilatation  or  constriction  of  the  pupil  ensues. 
The  circular  fibres  are  stimulated,  and  the  pupil  is  constricted, 
if  one  electrode  is  directed  to  the  centre  of  the  cornea,  and 
the  other  to  any  point  of  the  head  or  face ;  or  if  one  metal 
of  a  galvanic  pair  is  placed  in  the  nose  and  the  other  on  the 
tongue.  For  the  success  of  the  latter  experiment  it  is, 
however,  necessary  that  it  should  be  made  in  a  room  where 
only  so  much  external  light  is  admitted  as  is  sufficient  for 
discerning  the  size  of  the  pupil.  It  is  then  easy  to  observe 
that  the  pupil  contracts  each  time  the  metals  are  brought 
in  contact  with  each  other. 

The  radiating  fibres  of  the  iris  are  stimulated,  and  the 

'  Nouvelles  experiences  galvaniques  faites  sur  les  organes  musculaires  de 
rhomme  et  des  animaux  a  sang  rouge.     Paris,  an  XI.  (1803). 
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pupil  becomes  dilated  if  the  galvanic  or  faradic  cm- rent  is 
directed  to  the  edge  of  the  cornea  or  to  the  sclerotica.  On 
applying  the  electrodes  to  the  upper  and  the  lower  part  of 
the  cornea,  the  pupil  assumes  the  shape  of  a  lying  oval ;  and 
when  they  are  placed  to  the  right  and  left  side  of  the  cornea, 
the  pupil  takes  the  form  of  a  standing  oval. 


Intestines. 

The  fibre-cells  of  the  intestines  respond  readily  to  the 
galvanic  and  faradic  stimulus.  Aldini  observed  that  when  a 
zinc  plate  was  introduced  into  the  mouth,  and  a  piece  of 
silver  into  the  rectum,  of  a  recently-killed  bullock,  and  both 
metals  were  connected  by  means  of  a  wire,  the  abdominal 
muscles  of  the  animal  were  convulsed  and  the  faeces 
discharged.  This  experiment  was  repeated  by  M.  Achard,  of 
Berlin,  on  himself,  who  experienced,  almost  immediately 
after  the  circuit  had  been  established,  pain  in  the  pelvis, 
and  soon  afterwards  the  bowels  were  voided  of  their  con- 
tents. 

By  applying  electricity  to  the  salivary  glands  directly,  no 
apparent  effect  is  produced ;  but  Professor  Ludwig  ^  has 
shown  that  faradisation  of  the  lingual  and  auriculo- temporal 
nerves,  the  chorda  tympani,  and  the  posterior  parotideal 
branches  of  the  portio  dura,  causes  an  abundant  flow  of 
saliva.  These  nerves  are  therefore  secretory  nerves.  Claude 
Bernard^  states  that  faradisation  of  the  nerves  just  named 
dilates  the  blood-vessels  of  the  salivary  glands,  and  that  this 
dilatation  of  the  blood-vessels  is  due  to  a  greater  attraction  of 
arterial  blood  developed  in  the  tissues  ;  while  faradisation  of 
the  sympathetic  nerve  arrests  salivary  secretion.    The  amount 

'  Lehrbuch  der  Physiologie  des  Menschen.  Heidelberg,  1853.  Vol.  ii. 
p.  69. 

■■'  Journal  de  la  Physiologie  de  rHomme.     Paris,  Oct.  1858,  p.  649. 
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of  saliva  whicli  may  be  collected  in  a  very  short  time  from 
the  salivary  glands,  if  the  nerves  above  named  are  faradised, 
by  far  surpasses  the  volume  of  the  glands  themselves,  so  that 
it  cannot  be  supposed  that  the  saliva  is  simply  squeezed  out 
of  the  gland ;  but  it  is  secreted  in  the  gland  at  the  very 
moment  when  faradism  acts  on  the  secretory  nerves.  The 
excretion  of  the  saliva  is  effected  by  the  same  forces  which 
attract  the  blood  to  the  glands,  and  not  by  the  tissue  of  the 
glands,  since  the  elementary  substance  of  the  glands  has  no 
inherent  contractile  power.  Bernard  is  inclined  to  assume 
that  the  capillaries  possess  two  properties,  one  of  contraction 
and  the  other  of  dilatation  ;  and  that  either  of  these  proper- 
ties is  put  into  play  by  a  peculiar  set  of  nerves. 

Faradisation  of  the  oesophagus  in  man  causes  contraction  of 
its  longitudinal  as  well  as  of  its  circular  fibres  ;  and  if  the 
action  of  the  current  be  kept  up  for  a  certain  time,  the  contrac- 
tion is  no  longer  Kmited  to  the  part  directly  operated  upon,  but 
proceeds  downwards  towards  the  stomach.  In  man  and  most 
of  the  mammalia,  the  oesophagus  is  composed  of  both  striped 
and  unstriped  fibres,  so  that  the  aspect  of  its  faradic  contrac- 
tion resembles  neither  that  of  voluntary  muscles  nor  that  of 
fibre-cells.  In  birds  the  oesophagus  consists  exclusively  of 
unstriped  fibres  ;  the  faradic  motion  in  the  oesophagus  of  birds 
therefore  commences  slowly  and  continues  for  some  time 
after  the  cessation  of  the  current.  In  the  rodentia  or 
gnawers  the  oesophagus  consists  of  striped  fibres  only,  and  in 
them  faradisation  produces  a  rapid  contraction,  which  ceases 
immediately  with  the  cessation  of  the  current. 

The  stomach  responds  to  the  electric  stimulus  by  a 
shortening  of  both  its  longitudial  and  transverse  diameter, 
the  direction  of  the  movement  being  always  from  the  cardia 
to  the  pylorus. 

The  small  intestines  are  particularly  excitable  to  faradisa- 
tion and  galvanisation.      On  opening  the  abdominal  cavity 
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of  recently-killed  animals,  powerful  contractions  of  the 
intestines  are  observed,  owing  to  the  contact  of  these  tissues 
with  the  atmosphere.  After  a  time  these  contractions  cease 
and  if  the  faradic  current  is  then  caused  to  act  upon  the 
small  intestines,  they  again  contract  strongly,  and  the 
contents  of  the  bowels  are  propelled  towards  the  rectum.  On 
placing  the  electrodes  very  near  to  each  other  at  any  point 
of  the  intestines,  and  shortly  afterwards  rapidly  removing 
them,  the  canal  becomes  constricted  in  that  portion  to 
which  the  electrodes  have  been  directed.  This  constriction 
reaches  its  maximum  a  short  time  after  the  electrodes  have 
been  removed,  and  then  slowly  disappears.  It  generally 
extends  a  little  above  and  below  the  point  where  the  elec- 
trodes have  been  placed,  and  is  most  striking  in  the 
duodenum,  but  not  very  marked  in  the  coecum.  There  is 
at  the  same  time  increased  secretion  of  intestinal  mucus. 
The  colon  and  rectum  respond  to  the  electric  stimulus, 
although  not  so  readily  as  the  small  intestines.  The 
contractions  of  the  intestines  may  be  studied  during  life  in 
patients  affected  with  hernia. 

If  the  gall-bladder  be  acted  upon  by  electricity,  it  is  seen 
to  contract  and  to  void  the  bile  into  the  duodenum.  On 
placing  the  electrodes  very  near  to  each  other,  a  constriction 
is  produced  in  that  organ  which  may  be  so  strong  as  to 
divide  it  in  two  distinct  parts  which  do  not  communicate 
with  each  other. 

The  spleen  of  most  mammalia  contracts  fairly  well  under 
the  influence  of  faradisation ;  but  concerning  the  con- 
tractility of  the  human  spleen  there  is  much  difference  of 
opinion.  KoUiker,  Dittrich,  and  Grerlach'  deny  its  con- 
tractility; while  Wagner,^  Harless,^   and    Claude   Bernard 

1  Prager  Vierteljahrssehrift,  1851.     Vol.  viii.  p.  65. 
^  Jena'sche  Annaleu,  1849.     Heft  1. 
'  Augsburger  allg.  Zeitung,  1850. 
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affirm  it.  This  discrepancy  is  probably  owing  to  the 
circumstance  that  Kolliker  used  a  feeble  continuous  current, 
while  Wagner  and  Bernard  employed  a  powerful  induction 
apparatus. 

Chvostek^  states  that  by  faradisation  of  the  skin  over  the 
spleen  he  has  succeeded  in  considerably  reducing  tumours  of 
the  spleen  arising  from  ague.  Such  a  proceeding  would,  how- 
ever, not  act  directly  upon  the  substance  of  the  spleen,  but  by 
reflex  action  from  the  sentient  nerves  of  the  skin  on  the 
splenic  branches  of  the  cceliac  plexus.*  Hosier  ^  and  Landois 
have  shown  that  after  section  of  the  nerves  of  the  spleen  in 
dogs,  the  organ  swells  up  to  such  a  bulk  that  the  abdominal 
incision  had  to  be  enlarged  in  order  to  return  the  spleen 
into  the  abdominal  cavity. 

The  uretheres  respond  readily  to  both  kinds  of  current ; 
they  are  at  the  same  time  shortened  and  constricted,  and 
the  contractions  proceed  in  the  direction  from  the  kidneys 
to  the  bladder.  These  contractions  continue  long  after  the 
application  of  galvanism  or  faradism  has  ceased. 

The  bladder  contracts  vigorously  when  its  muscular  fibres 
are  directly  faradised  ;  and  it  may  also  be  caused  to  contract 
by  faradisation  of  certain  parts  of  the  central  nervous 
system. 

Professor  Budge  has  made  some  experiments  on  the 
mode  in  which  the  nervous  influence  is  carried  to  the 
bladder  ;  and  found  that  by  faradising  the  cerebral  hemi- 
spheres, the  corpora  striata,  and  thalami  optici,  no  effect  was 
produced  on  that  viscus ;  nor  did  any  action  become 
perceptible  when  the  cerebellum  was  faradised.  As  soon, 
however,  as  the  pedunculus  cerebri  and  the  restiform  bodies 
were  touched  by  the  electrodes,  the  bladder  was  seen  to 
contract,  and  urine  was  voided.     Thus  it  was  made  evident 

'  Wiener  Medic.  Presse,  No.  7,  1870. 
^  jVIosler,  Die  Leukamie,  p,  131. 
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that  nervous  fibres  exist  at  a  certain  point  in  the  upper 
portion  of  the  cerebro-spinal  axis,  which  have  a  special  rela- 
tion to  the  movements  of  the  bladder. 

Budge  has  likewise  endeavoured  to  determine  the  course 
which  these  fibres  take  in  order  to  reach  the  viscus,  and 
which  might  lead  either  through  the  pneumogastric,  the 
sympathetic  nerve,  or  the  spinal  cord.  Both  the  pneumo- 
gastric and  sympathetic  were  divided  without  altering  the 
phenomena  previously  observed ;  but,  after  section  of  the 
cord,  faradisation  of  the  parts  just  mentioned  proved 
ineffectual.  Further  experiments  showed  tliat  these  motor 
fibres  of  the  bladder  proceed  from  the  pedunculus  and  the 
restiform  bodies  through  the  anterior  columns  of  the  cord  to 
the  anterior  roots  of  the  third  and  fourth  sacral  nerves,  and 
that  their  function  may  be  excited  both  by  cerebral  influence 
and  by  reflex  action,  the  latter  through  the  intermediate 
agency  of  the  posterior  roots  of  the  sacral  nerves. 

Besides  the  one  just  mentioned,  there  is  another  nervous 
centre  for  the  bladder  in  the  lower  portion  of  the  lumbar 
cord,  faradisation  of  which  causes  well-marked  movements 
of  the  viscus,  and  the  excitability  of  which,  after  death, 
persists  longer  than  that  of  any  other  portion  of  the  cord  in 
relation  to  the  bladder.  Motor  nervous  fibres  proceed  from 
this,  independently  of  those  first  described,  through  the 
hypogastric  plexus  on  their  way  to  the  bladder. 

Another  important  result  of  Budge's  researches  has  been, 
that  the  muscle  hitherto  described  by  anatomists  as  sphincter 
of  the  bladder,  is  no  sphincter  at  all,  physiologically 
speaking  ;  and  that  the  longitudinal  as  well  as  the  circular 
unstriped  muscular  fibres  of  the  bladder — that  is,  the 
muscles  known  as  detrusor  urinse  and  sphincter  vesicae — 
serve  exclusively  for  expelling  the  urine,  without  having  the 
least  effect  in  closing  up  the  orifice  of  the  viscus.  Faradi- 
sation of  any  portion  of  the  bladder  causes  urine  to  be  voided  ; 

s  2' 
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and  wlien  Budge  caused  a  column  of  water  to  flow  in  an  un- 
interrupted stream  out  of  the  bladder,  faradisation  of  the 
anatomical  sphincter  had  no  influence  in  arresting  the  flow. 
This  was,  however,  immediately  checked  when  the  electrodes 
were  directed  to  the  membranous  portion  of  the  urethra, 
acting  upon  the  constrictor  iirethrge  and  bulbo-cavernosus 
nauscles.  The  nerves  animating  these  muscles  originate  in 
the  pedunculus  cerebri,  and  emerge  from  the  cord  between  the 
third  and  fifth  sacral  nerves,  being  enclosed  in  the  sheath  of 
the  pudendal  nerve.  The  muscles  mentioned  habitually 
close  the  bladder  by  means  of  their  reflectory  tone — a  special 
arrangement  to  that  effect  existing  between  the  posterior 
roots  of  the  third,  fourth,  and  fifth  sacral  nerves,  the  lower 
part  of  the  spinal  cord,  and  the  anterior  roots  of  the  same 
sacral  nerves. 

The  female  bladder,  has,  likewise,  no  sphincter,  properly 
speaking ;  but  the  constrictor  vaginae  takes  in  females  the 
place  of  the  constrictor  ure three  and  bulbo-cavernosus  muscles 
in  males.  If  these  researches  were  confirmed  by  subsequent 
observers,  it  would  be  best  to  drop  the  term  sphincter  of 
the  bladder  altogether,  and  to  call  the  dense  mass  of  un- 
striped  circular  fibres  near  the  opening  of  the  urethra  into 
the  bladder,  the  annulus  circularis. 

The  vas  deferens,  the  epididymis,  and  the  tunica  vaginalis 
propria,  possess  galvanic  as  well  as  faradic  contractility. 

Uterus. — Prof.  Weber  has  observed  contractions  of 
the  gravid  and  non-gravid  uterus  in  bitches  and  rabbits. 
Dr.  F.  W.  Mackenzie^  noticed  that  this  organ  contracts 
more  readily  when  the  anode  is  directed  to  the  spine  and 
the  cathode  to  the  cervix  uteri  than  when  both  electrodes  are 
directly  applied  to  its  substance ;  and  that  the  faradic 
current,  directed  longitudinally  through  the  uterus,  promotes 
powerful  and  general  uterine  contraction,  whereas  a  current 

'  Medico-Chirurgical  Transactions  for  1859,  p.  160. 
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passed  transversely  through  the  organ  excites  partial  con- 
tractions only  in  the  direction  of  the  current.  Dr.  Mac- 
kenzie has  stated  that  the  faradic  contraction  of  the  uteruf 
differs  widely,  by  its  slowness,  from  that  of  the  other  invo- 
luntary muscles  when  acted  upon  by  electricity ;  but  such  is 
not  the  case,  as  the  coecum,  the  gall-bladder,  and  other 
involuntary  muscles,  respond  equally  slowly  to  faradisation 
at)  the  uterus. 

Opinions  differ  as  to  the  precise  seat  of  the  nervous  centre 
for  uterine  movements.   Breschet  and  Longet  found  it  in  the 
lumbar  portion  of  the  cord  ;  Budge  thought  it  was  the  cere- 
bellum ;  Drs.  Tyler  Smith  and  Snow  Beck  believed  it  was 
the   sympathetic   nerve ;  and   Kilian  accused   the   medulla 
oblongata.     Th.     Korner,'     more    liberal  than    his    prede- 
cessors, attributed  this  function  to  the  medulla  oblongata, 
cerebellum,  pons,  corpora  quadrigemina,  crura   cerebri   ad 
pontem,    corpus    callosum,    thalamus    opticus,    and    corpus 
striatum.      The   last  observer  who   has  investigated   these 
phenomena  is  Dr.  W.   Schlesinger,^  of  Vienna,  who  found 
that  faradisation  of  the  central  end  of  a  spinal  nerve,  in  the 
rabbit,    causes    general  and  energetic  uterine    contractions 
within  five  to  fifteen  seconds.     The  uterus,  which  before  the 
experiment  is  quite   quiet,  flabby,   and  has  a  pink  colom*, 
contracts  to  a  hard  pale   lump ;   but   when   faradisation  is 
discontinued,   it    becomes   again   pink   and   flabby     These 
contractions  Schlesinger  looks  upon  as  reflectory,  as  after 
section   of  the  cervical  cord  the  uterus  does  not  respond 
to  faradisation  of  a  spinal  nerve.     He  is  inclined  to  think 
that  the   centre  for  uterine  movements  is  in  the  medulla 
oblongata,  and  that  the  propagation  of  the  stimulus  to  the 
uterus  is  affected  not  by  way  of  the  pneumogastric  or  sym- 
pathetic, but  through  the  spinal  cord. 

'  Studien  des  pKysiologischen  Instituts  zu  Breslau.     Heft  3. 
*  Medizinische  Jahrbiicher.     Wien,  1873,  p.  1. 


262  ELECTRO-PHYSIOLCGY  chap.  ti. 

The  contractility  of  the  blood-vessels  is  proportionate  to 
the  quantity  of  unstriped  fibres  they  contain.  It  has  been 
affirmed  by  Vassalli,  Griulio,  and  Eossi  that  the  aorta  of  man 
contracts  when  galvanised ;  but  neither  Nysten  nor  KoUiker 
have  been  able  to  perceive  such  contractions.  The  absence 
of  contractility  in  the  aorta  is  readily  to  be  understood,  if 
we  consider  that  it  consists  almost  entirely  of  elastic  fibres, 
and  contains  only  very  few  contractile  elements,  which,  even 
when  electrically  excited,  are  not  capable  to  counterbalance  the 
elastic  force  which  tends  to  keep  the  aorta  open.  Unstriped 
fibres  are  more  abundant  in  the  smaller  arteries  of  man,  and 
consequently  these  are  seen  to  contract  energetically  when 
faradised.  The  aorta  of  horses,  cows,  and  sheep  contains 
more  fibre-cells  than  the  human  aorta ;  and  it  is  therefore 
probable  that  faradisation  of  it  would  cause  contractions. 
The  constriction  produced  in  the  smaller  arteries  of  man  when 
faradised  does  not  occur  immediately  after  the  commencement 
of  the  current,  but  only  after  its  action  has  been  kept  up  for 
some  time.  When  faradisation  is  discontinued,  the  constric- 
tion still  increases  for  a  short  time,  and  then  slowly  disappears. 

XI.— ACTION  OF  ELECTEICITY  UPON  THE  BLOOD. 

This  subject  has  been  already  treated  of  under  the  heading 
of  '  Electrolysis  '  (p.  42),  to  which  the  reader  is  referred.  In 
this  place  I  will  therefore  only  mention  some  recent  ex- 
periments made  by  Drs.  Duncan  and  Fraser,  of  Edinbm-gh, 
with  the  view  of  discovering  the  exact  effects  of  the  con- 
tinuous current  on  larger  quantities  of  circulating  blood  than 
are  present  in  healthy  arteries,  so  as  to  show  the  effects  pro- 
duced in  aneurismal  sacs.  For  this  purpose  they  endea- 
voured to  produce  artificial  aneurisms  in  dogs  by  incisions 
into  arteries ;  but,  failing  in  this,  they  constructed  an 
apparatus  resembling  an  aneurism.     This  consisted  of  a  glass 
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globe,  capable  of  containing  five  ounces  of  blood,  and  which 
could  be  connected  with  an  artery  by  means  of  tubes,  and 
had  also  a  contrivance  for  allowing  the  introduction  and 
removal  of  the  electrodes.  They  used  this  on  the  femoral 
artery  of  a  large  retriever  mastiff,  and  found  that  after  eight 
minutes  there  was  not  only  spontaneous  coagulation  of  the 
blood  in  the  globe,  but  also  electrolytic  coagulation  of  both 
poles  as  usual.  The  position  of  the  positive  electrode  was 
surrounded  by  a  black  ring,  and  beyond  this  there  was 
a  firm  clot,  with  entangled  gas-bubbles  ;  while  the  position 
of  the  negative  pole  was  surrounded  by  a  quantity  of  froth 
intermingled  with  clotted  blood.  Both  could  be  easily  dis- 
tinguished from  the  blood  which  had  spontaneously 
coagulated,  as  it  possessed  greater  consistence  and  tenacity 
than  the  latter.  On  dissecting  the  spontaneously  formed 
clot,  it  was  found  that  the  electrolytic  clots  extended 
an  inch  into  the  mass,  in  a  conical  form  ;  the  negative  had 
a  diameter  of  0"75  inch  at  the  base,  and  a  markedly  alkaline 
reaction  ;  while  the  positive  was  0*5  inch  at  its  base,  and 
strongly  acid. 

The  black  coloration  of  the  positive  clot  is  probably  owing 
to  the  action  of  nascent  oxygen  on  hsematine.  The  clots  are 
blown  out  by  the  gas,  which  for  the  cure  of  aneurism  is  of 
importance,  as  their  size  is  thereby  increased.  The  negative 
pole  would  therefore  appear  to  be  at  least  as  valuable  as  the 
positive.  The  mass  of  frothy  substance  is  not  so  dense  as 
the  clot  at  the  positive  pole,  but  it  is  of  sufficient  con- 
sistence to  remain  undissolved  for  several  days,  and  has  the 
great  advantage  of  being  larger. 

The  microscopic  alterations  of  the  blood-corpuscles  which 
are  produced  by  the  passage  of  the  continuous  current,  have 
been  minutely  described  by  Eollet  and  Neumann ;  ^  but  as 

'  Sitzungsberichte  der  Wiener  Akademie,  vol.  xlvi.,  and  Eeichert  and  Dubois' 
Archiv,  etc.,  1865. 


264  ELECTKO-PHYSIOLOGY  chap.  n. 

these  phenomena  have  apparently  only  little  scientific,  and 
no  practical  importance,  the  reader  interested  in  the  same 
is  referred  to  the  original  papers  published  by  those  two  able 
observers.  The  same  applies  to  the  experiments  of  Dr. 
Grolubew,^  who  has  lately  investigated  the  action  of 
induction  currents  on  the  white  blood-corpuscles,  and  to 
those  of  Dr.  Burdon-Sanderson,^  who  has  touched  upon  this 
subject  in  his  lectures  delivered  in  the  Physiological 
Laboratory  of  University  College. 

XIL— ACTION   OF  ELECTEICITY  UPON  THE  SKIN. 

Sparks  taken  from  the  common  electrical  machine 
produce  a  sharp  sensation  in,  and  a  peculiar  eruption  on,  the 
skin,  viz.  a  small  circumscribed  wheal  which  resembles 
lichen  urticatus,  and  is  surrounded  by  a  little  inflammatory 
blush.  Frictional  electricity  applied  to  the  scalp  causes 
the  hair  to  stand  on  end. 

The  effect  of  galvanism  upon  the  skin  is  proportionate  to 
the  intensity  of  the  current,  the  resistance  offered  to  its 
passage,  and  the  length  of  time  during  which  its  action 
is  kept  up.  The  kind  of  pain  caused  by  the  continuous 
current  in  the  skin  resembles  that  of  burning,  and  is  often 
compared  to  the  sensation  produced  by  a  mustard  poultice. 
This  pain  is  very  slight  if  the  skin  be  dry,  the  current  feeble, 
and  the  action  short ;  but  if  the  epidermis  be  moistened  or 
previously  removed  by  blisters,  the  effects  are  intensified. 
This  latter  circumstance  was  first  pointed  out  by  Baron 
Humboldt,  in  1795.  He  had  two  blisters,  each  of  the  size 
of  a  crown,  applied  in  the  region  of  the  two  shoulder-blades, 
above  the  trapezius  and  deltoid  muscles.  On  opening  the 
vesicles,  a  serous  uncoloured  liquid  was  seen  to  flow  out. 
The  excoriated  spots  were  then  covered  with  a  silver  plate, 

'  Ibidem,  vol.  Ivii.  p.  552,  1868. 

*  Medical  Times  and  Gazette,  Jan.  7,  1871. 
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and  as  soon  as  a  zinc  plate  was  connected  with  it  a  liquid 
was  seen  to  flow  which  had  a  reddish  hue,  and  produced  in- 
flammation in  those  parts  of  the  skin  which  were  touched  by 
it ;  at  the  same  time,  severe  burning  pain  was  experienced. 
Humboldt  says  that  for  several  hours  after  this  experiment 
he  looked  like  a  soldier  who  had  been  flogged.  When  the 
action  of  a  feeble  continuous  current  is  kept  up  for  hours, 
the  skin  and  subjacent  textures  may  be  destroyed.  A 
powerful  current  may  cause  rapid  destruction,  which  is  more 
extensive  at  the  negative  pole. 

The  effects  of  a  single  galvanic  pair  of  zinc  and  silver 
directly  applied  to  the  skin  are  somewhat  different  from 
those  of  a  pile  applied  by  conductors.  In  the  single  pair 
the  serum  effused  on  the  surface  is  decomposed,  sodium 
being  liberated  at  the  silver,  and  chlorine  at  the  zinc  plate, 
thus  forming  chloride  of  zinc,  the  escharotic  effect  of  which 
is  well  known.  On  the  silver  plate  sodium  is  set  free,  which 
by  oxidation  rapidly  becomes  soda.  Proceeding  from  these 
facts,  Dr.  Grolding  Bird  has  recommended  the  action  of  the 
zinc  pole  for  establishing  an  electric  moxa,  for  inducing  a 
persistent  discharge  from  some  part  of  the  body ;  and  the 
opposite  action  of  the  silver  plate  has  been  used  by  Mr. 
Spencer  Wells  for  promoting  a  rapid  healing  of  torpid 
ulcers. 

According  to  Eemak,  the  anode  relaxes  the  blood-vessels 
and  reddens  the  skin,  while  the  cathode,  after  a  continuous 
application  of  from  five  to  ten  minutes,  produces  the 
opposite  effect.  On  the  anode  there  is  a  depression  of  the 
skin,  while  on  the  cathode  a  swelling  of  the  epidermis  and 
corium  is  produced. 

Ziemssen^  has  found  that  relaxation  of  the  muscular  fibres 
of  the  skin  and  of  the  circular  layer  of  the  arteries,  is  more 

'  Loc.  cit.  p.  47. 
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quickly  produced  and  lasts  longer  on  the  cathode  than  on 
the  anode  ;  while  on  the  anode  cutis  anserina  lasts  longer, 
and  is  after  a  time  followed  by  intense  hypersemia  and  the 
formation  of  papulae.  Hypersemia  and  formation  of  papulae 
is  more  extensive  and  intense  at  the  cathode  than  at  the 
anode. 

The  electrolytic  effect  on  the  skin  is  widely  different  on 
the  anode  and  cathode.  If  the  cathode  be  armed  with  a 
metallic  conductor,  a  small  vesicle  is  formed  which  after  a 
time  projects  considerably  beyond  the  surface.  Its  contents 
are  found  to  consist  of  layers  of  epidermis  imbibed  with 
serum,  and  are  strongly  alkaline.  After  a  time  this  serum 
assumes  a  brownish  hue,  and  the  vesicle  is  surrounded  by  an 
inflammatory  areola.  On  the  anode  there  is  at  first 
ischaemia,  which  is  followed  by  the  formation  of  a  papula 
containing  acid  serum.  The  cathode  is  not  altered,  while 
the  anode  is  oxidised.  There  is  no  increase  of  temperature. 
No  chemical  effects  are  perceived  if  unpolarisable  elec- 
trodes are  employed. 

Hwmorrhage  from  the  blood-vessels  of  the  shin  may  follow 
a  prolonged  application  of  the  current  to  the  same.  I  have 
observed  this  in  a  patient,  aged  seventy-three,  who  was  some 
years  ago  under  my  care  for  a  severe  form  of  neuralgia,  which 
I  treated  by  galvanisation  of  the  cervical  sympathetic  nerve. 
As  short  applications  did  not  appear  to  produce  any  result, 
I  gradually  prolonged  the  action  to  ten  minutes  at  a  time. 
After  two  such  applications,  the  skin  appeared  to  be  diffusely 
reddened,  both  in  the  auriculo-maxillary  fossa  and  at  the 
cervical  spine,  but  not  more  so  than  is  often  observed  without 
leading  to  any  further  unusual  appearances.  In  this  case, 
however,  the  patient  found,  on  both  occasions,  on  taking  off 
his  collar  in  the  evening,  that  it  was  soaked  with  blood, 
which  must  have  come  away  during  the  day  from  the  nape 
of  the  neck,  but  of  the  escape  of  which  the  patient  had  been 
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quite  unaware,  there  having  been  no  pain  or  any  other  feel- 
ing of  discomfort  during  the  discharge.  It  is  evident  that 
the  dilatation  of  the  blood-vessels  which  was  produced  by 
galvanisation  must  have  gradually  increased  after  the  appli- 
cation to  such  an  extent  as  to  cause  their  rupture.  Although 
this  is  the  only  case  in  which  I  have  ever  observed  such  a 
result,  it  ought  to  make  us  cautious  with  regard  to  prolonged 
applications,  especially  in  old  people.  Possibly  the  senile 
condition  of  the  arterioles  may  have  favoured  their  rupture 
in  this  case. 

Faradisation  of  the  skin  produces  a  pricking  kind  of  pain, 
contraction  of  the  muscular  layer  of  the  corium,  and  changes 
in  the  diameter  of  the  blood-vessels.  These  effects  are 
greater  if  the  skin  be  dry  than  if  it  be  moistened ;  for,  if  it 
be  moist,  the  largest  portion  of  the  electricity  is  led  off  into 
the  deeper  structures  ;  while,  if  it  be  dry,  the  resistance  to 
passage  is  very  considerable,  and  the  skin  itself  receives 
almost  all  the  electricity.  A  very  powerful  current,  however, 
will  affect  both  the  skin  and  the  more  deeply-seated  tissues. 

Fick  and  Eosenthal  have  shown  that  faradisation  by  a 
comparatively  weak  current  acts  so  much  on  the  sentient 
nerves  of  the  skin,  because  the  current  passing  from  the 
electrodes  is  divided  into  a  number  of  rays,  which  encounter 
an  enormous  resistance  to  passage  in  the  dry  cuticle,  and 
therefore  only  pass  through  it,  where  the  epidermis  is  per- 
forated by  the  ducts  of  the  sebaceous  follicles,  and  of  the 
sudoriferous  glands.  The  consequence  of  this  is  that  each 
ray,  on  passing  through  such  a  better  conducting  substance, 
acquires  more  density,  although  that  density  is  not  sufficient 
for  causing  muscular  contractions.  Duchenne's  wire-brush, 
which  will  be  described  in  the  third  chapter,  promotes  this 
division  of  the  current  into  a  number  of  rays,  and  therefore 
causes  a  more  thorough  effect  on  the  skin  than  an  ordinary 
solid  metallic  conductor.    The  effects  of  faradism  on  the  skin 
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are  intensified  by  only  just  touching  the  skin  with  the  wires, 
and  not  pressing  them  too  iirmly  on  it.  By  pressure,  the  trans- 
mission of  the  current  to  the  more  deeply-seated  structures 
is  promoted,  and  the  skin  is  then  proportionately  less  affected. 

The  effects  of  faradisation  on  the  blood-vessels  of  the 
skin  have  been  studied  microscopically  by  Weber,^  Max 
Schultze,^  KoUiker,^  and  Pfliiger.'*  They  all  agree  that,  at 
first,  there  is  contraction,  and  afterwards  dilatation  of  the 
smallest  cutaneous  vessels.  This  fact  may  be  shown  clinically 
by  applying  faradism  by  means  of  a  fine  wire-brush  to  the 
skin.  We  then  see  at  first  anaemia  produced  by  spasmodic 
contraction  of  the  arterioles,  which  is,  after  a  few  minutes, 
succeeded  by  erythema,  owing  to  enlargement  of  the  vessels ; 
and  if  the  tension  of  the  current  be  very  high,  circumscribed 
wheals  are  produced,  as  by  the  application  of  irictional 
electricity.  Faradism  acts  more  immediately  upon  the 
vaso-motor  nerves,  the  irritation  of  which  causes  at  first 
contraction  of  the  muscular  fibres  contained  in  the  coats  of 
the  arterioles,  and  thus  diminishes  the  calibre  of  the  blood- 
vessels ;  this  stage,  however,  is  soon  succeeded  by  secondary 
paralytic  relaxation  of  the  fibre-cells,  and  consequently 
increased  calibre  of  the  blood-vessels. 

Erythema  is  more  easily  produced  in  women  and  in 
j)ersons  with  a  delicate  skin  ;  and  is  more  marked  at  the  nega- 
tive than  at  the  positive  pole.  On  applying  the  thermometer, 
it  is  seen  that  simultaneously  an  increase  of  heat  takes  place, 
and  this  continues  for  some  time  after  the  application. 

Faradism  also  acts  on  the  contractile  fibre-cells  of  the 
skin,  and  causes  cutis  anserina  (goose  flesh)  from  swelling  of 
the  hair  follicles.  Kolliker  has  observed  this  phenomenon 
on  a  piece  of  skin  taken  from  the  thigh  of  a  recently  executed 

'  Miiller's  Archiv,  1847,  p.  232. 

*  De  arteriarum  structura.     Grryphiae,  1849. 

3  Prager  Vierteljahrsschrift,  1849.     Bd.  vi.  Heft  1. 

*  Allgemeine  mediz.  Centralzeitung.  1855.     VoL  xiv.     August. 
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criminal,  and  Ziemssen  on  pieces  of  skin  removed  during 
surgical  operations. 

Such  contractions  are  most  powerful  in  the  tunica  dartos 
and  the  nipple  ;  the  latter  rapidly  becomes  erect,  and  remains 
so  for  some  time  after  the  cessation  of  the  current.  In  other 
portions  of  the  skin,  however,  the  contractions  do  not  last 
very  long,  but  disappear  more  or  less  rapidly,  and  are  followed 
by  relaxation  of  the  fibre-cells  and  erythema. 


XIIL— ACTION  OF  ELECTEICITY  UPON  THE  BONES. 

An  induced  current  applied,  by  means  of  moistened 
conductors,  to  bones  which  are  only  covered  with  skin,  such 
as  the  frontal  bone  or  the  tibia,  causes  a  peculiarly  unpleasant 
sensation,  from  irritation  of  the  sentient  nerves  of  the 
periosteum.  It  is  probable  that,  by  applying  electricity 
directly  to  the  periosteum  and  the  bones,  a  greater  quantity 
of  blood  may  be  attracted  to  these  parts  ;  but  direct  obser- 
vations on  this  point  are  as  yet  wanting.  G-alvanism  does 
not  produce  the  same  disagreeable  sensation,  when  applied  to 
the  surface  of  the  bones,  as  faradism. 
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CHAPTEE.  III. 

MEDICAL  ELECTRIC  APPARATUS,  AND  METHODS   OF 

USING  IT. 

In  this  chapter  I  shall  describe  the  electric  machines 
which  may  be  used  in  medicine,  and  the  methods  by 
which  the  different  forms  of  electricity  have  been,  and  are  to 
be,  therapeutically  utilised.  I  shall  speak  at  first  of 
Electrisation,  or  the  medical  application  of  static  electricity  ; 
after  which  I  shall  consider  Galvanisation,  or  the  application 
of  the  continuous  galvanic  current ;  and  at  last  Faradisation, 
or  the  method  of  applying  induction  currents. 

First  'principles  of  application. — Benedict  ^  has  laid 
down  the  general  principle  that,  in  using  electricity  or 
galvanism,  care  should  be  taken  to  apply  it  to  the  seat  of 
the  disease  ;  and,  if  this  should  be  impracticable,  to  direct  it 
rather  to  a  more  central  than  to  a  more  peripheral  part  of 
the  body.  Although  I  agree  in  the  main  with  Benedict's 
proposition,  I  think  it  requires  to  be  so  far  modified  that,  in 
a  considerable  proportion  of  cases,  we  should  not  only  apply 
electricity  to  the  seat  of  the  disease  (and  which  I  term  the 
radical  application'),  but  also  to  those  more  remote  parts  in 
which  the  symptoms  are  manifested  (i.e.  the  symptomatic 
application).  Thus,  for  instance,  in  the  treatment  of 
hemiplegia  of  the  left  side  of  the  body  from  corpus 
striatum  haemorrhage,  the  only  allowable  application,  ac- 
cording to  Benedict's  principle,  would  be  to  apply  the 
electricity  to    the    right  cerebral  hemisphere.    Now,  I   am 

»  Electrotherapie,  AVien,  1868,  p.  73. 
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convinced  that  this  is  an  effective  method  of  treatment,  and 
I  rarely  omit  to  use  it  in  such  cases ;  but  I  am  equally- 
satisfied  that  the  progress  towards  recovery  is  far  more  rapid, 
if  a  peripheral  or  symptomatic  application  to  the  nerves  and 
muscles  of  the  paralysed  extremities  is  combined  with  the 
central  or  radical  application.  What  holds  good  for 
hemiplegia  applies  likewise  to  many  forms  of  anaesthesia, 
hypersesthesia,  and  other  affections  of  the  nervous  system, 
which  will  be  considered  in  the  fifth  chapter. 

(A)  Electrisation,  Franklinisation,    medical   application 
OF  static,  frictional,  or  Franklinic  electricity. 

I. — History  of  it. 

The  first  who  applied  static  or  frictional  electricity 
for  medical  purposes  was  a  Grerman  physician.  Dr.  C. 
Kratzenstein,^  Professor  of  Medicine  at  the  University  of 
Halle,  who  cured  a  patient  of  a  contraction  of  the  little 
finger,  by  sparks  drawn  from  the  ordinary  electrical  machine 
(1744).  He  also  relieved  another  patient,  who  had  two  lame 
fingers,  so  far  that  he  could  again  play  on  the  harpsichord  ; 
and  observed  that  the  rate  of  pulsation  was  increased  by  the 
application  of  electricity.  In  1748,  M.  Jallabert,  ^  of  Greneva, 
published  a  treatise  on  the  effects  of  electricity  upon  the 
living  body,  and  stated  that  electricity  accelerated  the  pulse 
and  increased  the  animal  heat.  He  cured  a  locksmith,  aged 
fifty-two,  whose  right  arm  had  been  paralysed  by  a  blow  from 
a  hammer,  within  three  months,  by  means  of  sparks  and 
shocks ;  but  this  patient  some  time  afterwards  relapsed  into 
his  previous  condition.  M.  Sauvages,  of  Montpelier,  was,  how- 
ever, by  the  report  of  this  case,  induced  to  employ  electricity 

'  Abhandlung  von  dem  Nutzen  der  Electricitat  in  der  Arzney-Wissenschaft. 
Halle,  1745. 

*  Experiences  sur  I'Electricite,  avecquelques  conjectures.     Paris,  1749. 
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in  numerous  cases  of  paralysis;  and  the  report  of  the  "new 
remedy  brought  together  such  an  enormous    concourse  of 
pa,tients,  that  it  was  impossible  to  electrify  them  all  suffi- 
ciently.    The  neighbouring-  populace,  indeed,  considered  the 
cures  which  were  made  due  to  witchcraft,  and  the  operators 
were  obliged  to  have  recourse  to  the  priests  to  undeceive  them.^ 
A  few  years  later,  Dr.  Bohadtch,  a  Bohemian,  communi- 
cated a  treatise  on  medical  electricity  to  the  Eoyal  Society, 
in  which  he  contended  that  the  remedy  was  chiefly  of  use  in 
hemiplegia.      In     1757,    Mr.    Patrick    Brydone    cured    a 
hysterical  woman  in  three   days   of  general  paralysis,  from 
which  she  had  suffered  two  years.     Dr.  Watson  applied  elec- 
tricity successfully  in  the  case  of  a  girl,  aged  seven,  who  had 
for  some  time  been  in  a  state  of  catalepsy ;  and  Dr.  Edward 
Spry  cured,  by  the  same  means,  a  girl,  aged  eighteen,  of 
lockjaw  and  paralysis.     On  the  other  hand,  cases  were  not 
wanting  in  which  the  remedy,  being  promiscuously  and  in- 
judiciously  employed,   did   no  good,  or   even   harm.     The 
Abbe  Nollet  was  honest  enough  to  confess  that,  during   a 
practice  of  fifteen  or  sixteen  years,  he  had  in  no   case  pro- 
duced   any    permanent    beneficial    effects.     Dr.    Hart,    of 
Shrewsbury,    paralysed   a  girl  who  was    submitted    to    the 
treatment ;  and  the  paralysis  was  only  removed  by  the  use 
of  medicines.     The  Abbe  Mazeas  caused  epileptic  fits  in  a 
person  subject  to  that  disorder,  by  electrifying  him ;  and 
Franklin,  to  whom  many  paralytics  resorted  from  all  parts  of 
Pennsylvania,  could  in  no  case  effect  any  permanent  good. 
He  thought,  however,  that  more  advantage  might  have  been 
obtained  from  the  application  of  electricity  if  it  had  been 
accompanied  with  proper  medicines  and  regimen,  under  the 
direction  of  a  skilful  physician. 

'  On  the  History  and  Present  State  of  Electricity,  by  Joseph  Priestly,  3rd 
edition.  Two  vols.  London,  1775. — See  also  a  paper  on  this  subject  by  Mr. 
Donovan,  in  Dublin  Quarterly  Journal,  1846-47. 
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In  1778,  M.  Mauduit  gave  a  highly-coloured  account  of 
the  curative  effects  of  electricity  before  the  Societe  Eoyale 
de  Medecine,  at  Paris  ;  and  it  was  chiefly  in  consequence  of 
this  report  that  the  application  of  the  machine  in  various 
diseases  became  for  some  time  fashionable  in  the  medical 
world.  According  to  Mauduit,  electricity  is  a  stimulant ;  it 
increases  the  vital  powers,  attracts  the  blood  to  those  parts 
of  the  body  which  are  touched  by  it,  and  excites  perspiration 
and  even  salivation,  which  frequently  become  very  abundant 
if  the  electricity  employed  be  of  high  tension.  By  the 
medical  application  of  electricity  obstinate  pains  are  relieved, 
and  the  normal  heat  is  restored  to  parts  which  have  been 
cold  for  years  ;  patients  suffering  from  costiveness  experience 
abundant  evacuations  ;  muscular  atrophy,  oedema,  paralysis 
are  cured,  and  tranquillity  and  sleep  follow  in  due  course. 
The  pulse  at  the  wrist  is  strengthened  by  positive,  and  re- 
tarded by  negative  electricity. 

A  few  years  later  Cavallo  recorded  a  number  of  observa- 
tions in  his  essay  on  the  theory  and  practice  of  medical 
electricity.  He  recommended  the  use  of  the  electric  ma- 
chine for  paralysis,  weak  sight,  deafness,  chorea,  epilepsy, 
and  for  rescuing  persons  from  trance.  In  1802,  M.  Sigaud 
de  la  Fond  elaborately  described  the  different  methods  to  be 
employed,  and  which  are — the  electric  bath,  drawing  sparks, 
irroration,  friction,  insufflation,  exhaustion,  and  commotion. 
If  we  were  to  believe  M.  Sigaud  de  la  Fond,  there  is  hardly 
a  disease  known  in  pathology  that  would  resist  the  use  of 
the  electric  machine. 

After  the  discovery  of  the  voltaic  pile  (1800),  and 
especially  after  that  of  induction  currents  (1831),  the 
medical  use  of  frictional  electricity  was  more  or  less 
abandoned  ;  and  it  is  only  in  the  electricity-rooms  of  Gruy's 
Hospital,  under  the  superintendence  of  Drs.  Grolding  Bird, 
Addison,  and  Sir  William  Grull,   that  therapeutical  experi- 
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ments  on  a  large  scale  have  been  undertaken  with  it.  More 
recently  static  electricity  again  found  a  staunch  advocate  in 
Dr.  Clemens,  of  Frankfort,  who  has  undertaken  the  irksome 
task  of  curing  with  it  nearly  every  disease  ;  but,  generally 
speaking,  frictional  electricity  may  be  said  to  have  dis- 
appeared from  medical  practice.  This  is  especially  due  to 
the  circumstance  that  a  clumsy  apparatus  is  required  for  its 
use ;  that  the  weather  has  a  considerable  influence  on  the 
action  of  the  machine  ;  that  the  dose  of  electricity  cannot  be 
exactly  regulated,  and  that  with  frictional  electricity  we  are 
obliged  to  act  indiscriminately  upon  the  different  tissues, 
without  being  able  to  localise  it  in  those  parts  which  seem 
to  require  it  more  particularly. 

I.— METHODS  OF  APPLYING  STATIC   ELECTRICITY. 

The  principal  methods  of  applying  static  electricity, 
which  are  even  at  the  present  time  now  and  then  used,  are 
the  electric  bath,  electrisation  by  sparks,  and  shocks  from 
the  Leyden  jar. 

As  to  the  form  of  the  machine,  it  matters  little  whether  a 
glass  cylinder  or  a  glass  plate  be  employed.  As  a  curiosity 
it  may  be  mentioned  that,  in  the  last  century,  Signor 
Pivati,^  of  Venice,  used  glass  cylinders  filled  with  Peruvian 
balsam  and  various  other  medicines ;  and  Dr.  Griuseppe 
Bruni  has  recorded  a  case  in  which  he  employed  a  cylinder 
filled  with  a  purgative,  and  the  patient,  after  having  been 
electrified,  is  said  to  have  experienced  the  same  effects  as  if 
he  had  swallowed  the  drug. 

1.  The  Electric  Bath. — The  electro-positive  bath  is  said 
to  increase  the  vital  forces,  the  electro-negative  bath  to 
diminish  them.     An  electro-positive  bath  is  given  with  the 

•  Lettere  dell'  Elettricita  medica.     Venice,  1747.    . 
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electricit}^  accumulated  upon  the  glass  plate,  care  being- 
taken  that  the  negative,  electricity,  which  the  cushions  or 
rubbers  acquire  by  friction,  be  lost  in  proportion  as  it  is 
liberated.  The  cushions,  between  which  the  plate  is  turned, 
are  therefore  made  to  communicate  with  the  ground  by 
means  of  a  metallic  chain.  The  machine  being  in  action,  the 
patient  is  placed  upon  an  insulating  stool  and  takes  hold  of 
the  prime  conductor.  The  whole  surface  of  the  patient's  body 
thus  becomes  charged  with  positive  electricity,  while  the  air 
surrounding  it  is  rendered  negative.  If  the  electric  bath  be 
given  in  a  dark  room,  luminous  appearances  are  produced  by 
the  escape  of  electricity  into  the  air,  especially  about  the  hair 
and  the  eyelashes.  It  is  said  that  during  the  discharge  heat 
is  evolved,  circulation  cpickened,  and  the  secretions,  especially 
perspiration,  become  more  active ;  but  it  is  very  doubtful 
whether  these  are  constant  physiological  effects  of  the  bath  ; 
probably  they  are  merely  caused  by  the  excited  imagination 
of  the  patient.  The  bath  has  been  much  recommended  for 
imj)roving  the  function  of  the  skin  and  of  the  mucous 
membranes,  and  the  patient  ought  to  sit  in  it  for  about 
three  hours  a  day. 

The  electro-negative  bath  is  given  with  the  negative  elec- 
tricity acquired  by  the  cushions,  while  the  positive  electricity, 
which  accumulates  upon  the  glass  j)late,  is  dispersed  in  pro- 
portion as  it  is  liberated.  The  cushions  must  therefore  be 
insulated  by  means  of  glass  supports,  and  the  conductor  upon 
which  the  positive  electricity  is  liberated  is  connected  with 
the  ground.  The  electro-negative  bath  is  said  to  have  a 
lowering  effect  in  reducing  the  natural  electricity  of  the 
patient,  so  that  the  body  is  left  without  its  normal  stimulus  ; 
it  is  therefore  believed  to  act  like  blood-letting,  and  to 
retard  the  pulse  at  the  wrist.  It  has  been  recommended  for 
erysipelas  and  chronic  inflammations  of  every  kind ;  for 
headache  and  different  forms  of  neuralgia ;  but  it  has  not 

y  2 


276  MEDICAL  ELECTRIC  APPARATUS  chap.  hi. 

been  proved  that  any  constant  physiological  or  therapeutical 
effects  are  produced  by  it. 

2.  Electrisation  by  Sparks. — If  a  patient  be  sitting  in  an 
electro-positive    bath,    and    the   hand   of  the    operator   be 
brought  sufficiently  near  the  patient's  body,  it  becomes  ne- 
gative ;    and   the  negative  fluid   then  combines  with    the 
positive  electricity  of  the   patient's  body,    whereby  a  flash 
of  light   is  produced,   together  with  a   peculiar   snapping 
noise,  which  forms  the  electric  spark.     Sparks  may  also  be 
drawn  from  the  body  by  approaching  metallic  conductors  to 
any  part  of  it.     These  sparks  produce  a  pricking  or  pungent 
sensation,  at  the  points  touched ;  and  if  the  proceeding  be 
continued  for  some  time,  the  skin  becomes  reddened,  and 
white  circumscribed  wheals  are  produced.     This  eruption  is 
more  perceptible  in  persons  with  a  delicate  skin ;  the  time 
necessary  for  its  production  varies  in  different  people  from 
five  to  ten  minutes  ;  and  it  generally  disappears  within  an 
hour  from  its  production.     In  the  electricity-room  of  Gruy's 
Hospital  sparks  were  usually  taken  from  the  spine   in  the 
following  way : — A  brass  ball,  attached  to  a  wire  or  chain,  in 
connection  with  the  ground,  was  passed  up  and  down  in  the 
direction  of  the  spine  at  a  distance  of  about  an  inch  from 
the  surface.    The  patient  being  on  an  insulating  stool,  sparks 
passed  from  him  to  the  brass  ball,  and  thence  escaped  tlirough. 
the  wire  or  chain  to  the   ground.     In   this  manner  a  rapid 
succession  of  sparks  could  be  obtained,  which  acted  like  in- 
stantaneous electric  currents.     Cavallo  has  recommended  to 
draw  sparks  through  flannel ;  the   patient  sits  on   the  insu- 
lating stool,  as  usual,  and  takes  hold  of  the  prime  conductor 
of  the  machine ;  apiece  of  flannel  is  placed  over  the  part 
which  is  to  be  electrified,  and  the  knob  of  an  insulated  con- 
ductor placed  in  close   contact  with  the  flannel,  and  moved 
steadily  down  the  part  affected,  so  as  to  draw  a  large  number 
of  sparks  in  the  direction  of  the  ramifications  of  the  nerves. 
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If  sparks  succeed  each  other  rapidly,  they  produce  slight  vi- 
brations in  the  superficial  muscles.  Electrisation  by  sparks 
has  been  much  used  for  paralysis,  and  other  affections  of  the 
nervous  system ;  and  in  certain  spasmodic  disorders  and 
some  forms  of  amenorrhoea,  it  has  proved  decidedly  useful. 

3.  The  Leyden  Jar  (p.  8)  was  formerly  much  employed 
in  the  treatment  of  amenorrhoea  and  aphonia,  and  in  such 
cases  it  was  discharged  through  the  pelvis  or  the  throat. 
Dr.  Grolding  Bird  states  that  he  has  cured  many  cases 
of  amenorrhoea  by  this  means ;  but  Dr.  Wilks,^  likewise 
Physician  to  Gruy's  Hospital,  thinks  it  very  questionable 
whether  the  discharge  of  the  Leyden  jar  was  of  any  value  in 
amenorrhoea.  As  regards  its  use  in  aphonia,  it  no  doubt 
cured  many  cases  of  the  hysterical  form  of  the  complaint ; 
but  this  result  could  not  be  attributed  to  any  special  quality 
of  electricity,  seeing  that  a  good  slap  in  the  face  would  have 
been  equally  beneficial. 

M.  Beckensteiner^  has  recommended  to  '  animalise  '  static 
electricity  through  the  interposition  of  the  body  of  the 
operator,  before  applying  it  to  a  patient ;  and  is  of  opinion 
that  the  Pacinian  corpuscles  play  a  considerable  part  in  this 
animalisation  of  electricity !  The  operator  touches  the 
conductor  of  the  machine  with  one  hand,  and  rubs  or 
shampoos  the  patient  with  the  other ;  in  some  cases  it  is 
found  sufficient  to  make  simple  passes,  without  touching  the 
patient  at  all.  M.  Beckensteiner  believes  that  the  metals 
become  '  etherealised '  by  the  electricity  Avhich  passes 
through  them.  According  to  him  conductors  of  gold,  silver, 
iron,  antimony,  zinc,  tin  and  lead,  have  all  a  special  action 
of  their  own  on  the  body,  independently  of  the  electricity 
they  convey  ;  but  conductors  of  gold  are,  on  the  whole,  the 
best.     He  says  that  he  can,  by  means  of  static  electricity, 

>  British  Medical  Journal,  Jan.  11,  1873. 
2  Etudes  sur  I'Electricite.     Paris,  1859. 
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introduce  iodine,  valerian,  musk,  and  assafoetida  into  the 
human  system.  Electrical  mysticism  has  at  all  times  found 
devoted  adherents,  and  it  is  said  that  M.  Beckensteiner's 
theories  are  acted  upon  at  Paris,  London,  and  Eome ;  if  so, 
they  will  not  do  much  harm. 

A  more  important  attempt  to  re-introduce  static  electri- 
city into  ■  medical  jsractice  has  been  made  by  Prof. 
Schwanda,^  of  Vienna.  He  does  not  use  the  old-fashioned 
friction  apparatus,  but  Holtz's  electrophorus  machine 
(p.  17),  and  says  that  the  electricity  yielded  by  it  has  the 
same  effects  in  paralytic  conditions  as  the  induced  current ; 
that  for  anaesthesia  of  the  skin  it  is  better  than  either 
galvanism  or  faradism ;  and  that  it  is  useful  in  passive 
hypereemia  and  swelling  of  the  integument.  Moreover  the 
air  is  rapidly  ozonised  by  means  of  it,  and  this  alone  is 
perhaps  of  use  in  certain  pathological  conditions.  General 
effects  of  the  application  are  increased  heat  and  perspiration, 
and  improved  appetite. 

Dr.  Wilks^  is  of  opinion  that  frictional  electricity  was  not 
'  successfully  superseded '  by  faradisation.  He  found  that 
the  application  of  the  faradic  currrent  to  the  back  was  not 
productive  of  the  same  good  as  the  withdrawal  of  sparks 
from  the  same  region  of  the  body ;  that  patients  suffer- 
ing from  paraplegia,  who  are  now'  benefited  by  the  constant 
current,  were  previously  cured  by  frictional  electricity;  and 
that  the  latter  has  more  effect  in  arousing  the  dormant 
nervous  centres  than  faradism.  This  opinion,  coming  from 
so  accurate  an  observer,  is  worthy  of  consideration  ;  but  we 
hardly  think  that  Dr.  Wilks  would  for  this  reason  re- 
introduce frictional  electricity  into  practice  ;  for  although  it 
may  in  some  respects  have  been  superior  to  faradism,  yet  it 
is  vastly  inferior  to  the  constant  current. 

'  Medicinische  Jalirbiicher,  1868,  Heft   3;  and  Poggendorff's  Aunalen,  vo]. 
c'xxxiii.  p.  126. 
*  Loc.  cit.  p.  21. 
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(B)  GrALVANiSATiON.  I.  Histovy  of  it. — Gralvanism  was 
discovered  in  1786,  and  made  known  in  1791.  Its  medical 
application  was  soon  afterwards  (1792)  recommended  by 
Drs.  Behrend  and  Creve  for  distinguishing  real  death  from 
apparent  death  or  trance.  Soemmering  proposed  that,  in 
such  instances,  the  galvanic  current  should  be  applied  to 
the  phrenic  nerve.  Valli  succeeded  in  reviving,  by  means 
of  it,  frogs  which  had  been  all  but  suffocated  in  vessels 
filled  with  hydrogen,  and  fowls  which  were  apparently  dead 
from  drowning.  Hufeland,  Pfaff,  Eeil,  Baron  Humboldt, 
and  other  Grerman  philosophers  and  physicians,  strongly 
recommended  the  use  of  galvanism  for  the  cure  of  disease, 
without,  however,  having  employed  it  themselves  in  medical 
practice. 

The  first  therapeutical  experiments  on  patients  were  made 
at  the  University  Hospital  of  Jena,  with  the  current  of  a 
single  pair,  under  the  supervision  of  Prof.  Loder,  without 
any  appreciable  result.-  But,  after  the  discovery  of  the 
voltaic  pile  (1800),  experiments  of  this  kind  were  again 
taken  up  by  Drs.  Bischoff  and  Liechtenstein,  who  have  re- 
corded the  cure  of  two  cases  of  amaurosis  and  the  ameliora- 
tion of  a  case  of  hemiplegia.  The  first  systematical  treatise 
published  on  the  remedial  powers  of  galvanism  is  from  the 
pen  of  Dr.  Grrapengiesser,  of  Berlin  (1801).  He  recom- 
mended the  use  of  it  in  weak  sight  and  amaurosis,  in 
deafness,  certain  paralytic  conditions,  aphonia,  tumor  albus, 
rheumatism,  and  sciatica.  In  palsies  he  applied  the  direct 
current,  placing  the  positive  pole  on  the  trunk  of  the  nerve, 
and  the  negative  lower  down ;  and  he  also  used  basins  filled 
with  water,  in  which  the  directors,  and  the  feet  or  hands  of 
the  patient,  were  immersed.  In  all  other  diseases  he  first 
vesicated  the  skin  with  cantharides,  in  order  to  diminish  the 
resistance  to  the  passage  of  the  current.  A  few  years  later, 
Drs.  Jacobi  and  Augustin  published  treatises  on  galvanism 
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as  a  remedial  agent,  and  recommended  to  moisten  the  skin 
before  the  application,  in  order  to  facilitate  the  transmission 
of  the  galvanic  fluid.  The  most  celebrated  of  the  earlier  works 
on  this  subject  is.  however,  by  Gralvani's  nephew  and  pupil, 
Aldini.^  of  Bologna,  who  recommended  the  new  remedy  for 
diseases  of  the  organs  of  special  sense,  for  disorders  of  the 
mind,  and  many  other  neuroses.  The  physical,  chemical, 
and  physiological  properties  of  galvanism,  as  they  became 
successively  known  in  course  of  time,  excited  the  imagination 
of  physicians  and  laymen  in  an  equally  powerful  manner  ; 
and  it  was  concluded  that  so  marvellous  an  agent  must 
needs  possess  extraordinary  curative  effects.  It  is  difficult  at 
the  present  time  to  imagine  the  enthusiasm,  bordering  on 
intoxication,  for  the  newly-discovered  remedial  agent,  which 
reigned  in  the  commencement  of  the  present  century,  and 
the  unbounded  expectations  which  were  entertained  as  to  its 
therapeutical  value.  It  was  not  only  recommended  and  used 
for  the  cxiie  of  all  diseases,  but  was  believed  to  be  able  to 
rescue  from  death  persons  who  had  been  hanged  or 
drowned. 

Of  the  physiological  action  of  the  galvanic  current  upon 
the  different  tissues  of  the  human  body  only  little  was 
known.  The  voltaic  pile  was  indiscriminately  and  injudi- 
ciously applied,  and  much  harm  done  with  it.  The  power 
of  this  apparatus  is,  for  reasons  which  have  already  been 
given  (p.  24),  very  variable,  and  after  a  time  entirely 
disappears,  so  that  there  was  sometimes  no  current  at  all, 
while  at  others  there  was  either  a  weak  or  a  very  strong 
current,  and,  by  the  use  of  the  latter,  accidents  of  a  serious 
character,  such  as  fainting  fits,  blindness,  &c.,  were  produced. 
It    was    also    found   very    troublesome    and    expensive    to 

'  Essai  theorique  et  esperimental  sur  le  galranisme.     Paris,  1804. 
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maintain  the  pile  in  a  state  of  efficiency ;  and  seeing  all 
this,  we  need  not  be  surprised  that  the  confidence  in  the 
curative  powers  of  galvanism  was  soon  thoroughly  shaken, 
and  the  voltaic  pile  degraded  to  the  rank  of  talismans, 
amulets,  animal  magnetism,  and  mesmerism,  thus  forming 
part  of  the  curative  treasures  of  charlatans. 

Further  physical  and  physiological  discoveries  on  the 
nature  and  properties  of  galvanism  were  evidently  necessary 
before  it  could  be  employed  with  a  fair  chance  of  success  in 
the  treatment  of  disease.  After  a  dead  interval  of  thirty 
years,  the  physiological  part  of  the  subject  was  more 
thoroughly  taken  up  in  Italy,  especially  by  Nobili,  Maria- 
nini,  and  Matteucci ;  while  'Becquerel  in  France,  Daniell 
and  Grrove  in  England,  and  Bunsen  in  Germany,  invented 
galvanic  batteries  which  furnished  a  more  constant  current, 
and  one,  therefore,  more  useful  for  medical  purposes  than 
that  yielded  by  the  original  voltaic  pile. 

In  1825,  M.  Sarlandiere,*  who  had  often  witnessed  the 
beneficial  effects  of  acupuncture  in  certain  diseases,  recom- 
mended to  combine  the  application  of  electricity  with 
acupuncture  (electro-puncture).  Sarlandiere  is  generally 
mentioned  as  the  inventor  of  galvano-puncture,  but  he 
used  only  frictional  electricity,  and  not  galvanism.  Gal- 
vano-puncture was  probably  first  used  by  Fabre-Palaprat,^ 
who  translated  La  Beaume's^  unreliable  treatise,  and  added 
to  it  fantastic  dogmas  of  his  own.  A  more  scientific  use  of 
galvanism  was  made  by  Magendie,  who  from  1830  to  1840 
used  this  agent  in  many  cases   with  considerable  success, 

*  Memoires  sur  1' electro -puncture  consideree  comme  moyen  nouveau  de 
traiter  efficacement  la  goatte,  les  rhumatismes  et  les  affections  ner?euses,  et 
sur  I'emploi  du  moxa  japonais  en  France.     Paris,  1825. 

-  Du  galvanisme  applique  a  la  medecine.     Paris,  1828. 

*  On  Galvanism,  with  Observations  on  its  Chymical  Properties  and  Medical 
Efficacy  in  Chronic  Diseases.    London,  1826. 


282  MEDICAL   ELECTKIC   APPAEATUS  chap.  in. 

employing  chiefly  galvano-puncture.  During  the  next 
twenty  years  the  surgical  applications  of  galvanism  were 
chiefly  studied  and  practised.  Gerard  and  Pravaz,  seeing 
that  the  blood  could  be  coagulated  by  the  galvanic  current, 
proposed  to  utilise  this  discovery  for  the  cure  of  aneurisms  ; 
Mr.  Listen  was  the  first  to  use  galvano-puncture  in  a  case 
of  this  kind,  and  M.  Ciniselli  the  first  who  did  so  success- 
fully. As  it  had  been  shown  that  wires  §Kould  be  rendered 
incandescent  by  voltaic  electricity,  Steinheil,  Mr.  Marshall, 
Prof.  Middledorff,  and  M.  Amussat,  used  the  galvanic  cautery 
for  the  treatment  of  a  number  of  surgical  diseases.  Prevost 
and  Dumas,  Bonnet,  and  Dr.  Pence  Jones,  succeeded  in  de- 
composing urinary  calculi  by  the  continuous  current,  and 
Mr.  Spencer  Wells  applied  the  same  agent  for  promoting 
the  growth  of  healthy  granulations  and  the  cicatrisation  of 
ulcers. 

To  Prof.  Eemak,^  of  Berlin,  the  merit  is  due  of  having 
once  more  roused  the  attention  of  the  profession  to  the  use 
of  the  continuous  current  in  nervous  and  muscular  affections, 
and  having  shown  that,  if  properly  applied,  it  may  produce 
beneficial  effects  in  diseases  of  the  nervous  centres  and  of 
the  sympathetic  system  of  nerves.  The  singularly  objec- 
tionable manner  in  which  Eemak  brought  forward  his 
discoveries  did  much  to  discredit  his  writings  and  damage 
his  reputation ;  but,  within  the  last  few  years,  a  great 
reaction  in  favour  of  Eemak's  ideas  has  set  in,  and  many  of 
his  apparently  most  reckless  assertions  have,  by  accumulated 
experience,  been  shown  to  be  correct.  This  better  appre- 
ciation of  Eemak's  discoveries,  and  the  re-introduction  of 
the  continuous  current  into  medical  practice,  has  been 
chiefly  due  to  the  labours  of  M.  Benedict,^  of  Vienna,  M. 

*  Galvanotherapie  der  Neryen-  und  Muskelkrankheiten.  Berlin,  1858,  And 
Application  du  courant  constant  au  traitement  des  nevroses.     Paris,  1865. 

-  Electrotherapie.  Vienna,  1868.  And  many  papers  in  Austrian  and 
German  journals. 
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Moritz  Meyer,^  of  Berlin,  and  the  author  of  the  present 
treatise.^  The  author  has  likewise  endeavoured  to  intro- 
duce the  scientific  use  of  the  electrolytic  effects  of  the 
continuous  current  into  surgical  practice.^ 


n.— MEDICAL   APPLICATION  OF   THE   CONTINUOUS 
CURRENT. 

Under  this  head  I  shall  describe  both  the  apparatus  and 
the  methods  of  applying  galvanism  in  those  diseases  which 
fall  within  the  province  of  the  physician ;  while  the  galvanic 
cautery  and  the  electrolytic  treatment  of  surgical  diseases 
will  be  considered  in  a  subsequent  section. 

1.  Batteries  fv.rnishiiig  a  Continuous  Galvanic  Current. 
— I  consider  the  following  requisites  indispensable  for 
machines  of  this  kind.  (1)  They  should  furnish  a  large 
quantity  of  electricity.  (2)  The  current  .  should  not  be 
subjected  to  any  considerable  variations  within  a  certain 
time  (say  one  or  two  months).  (3)  The  apparatus  should 
be  handy  and  fit  for  use  in  the  consulting  and  sick  room 
(vapours  of  nitric  acid  being  particularly  objectionable). 
(4)  The  number  of  cells  should  be  considerable,  so  as  to 
allow  the  dose  of  electricity  to  be  given  in  an  individual 
case  to  be  exactly  adapted  to  the  nature  of  the  malady  and 
the  constitution  of  the  patient.  The  batteries  which  are 
now  in  use  are  partly  constant,  and  partly  inconstant.  The 
use  of  the  latter  can  at  present  be  only  excused  if  doctor 
and  patient  live  at  a  great  distance  from  the  centres  of 

'  Die  Electricitat  in  ihrer  Anwendung  auf  practische  Medicin.  3rd  edition. 
Berlin,  1868. 

^  On  the  Value  of  Gralvanism  and  Electro-Magnetism  in  Medicine  and 
Surgery.  London,  1868  ;  and  many  papers  in  the  Lancet,  Medical  Times  and 
Gazette,  and  other  journals. 

^  On  the  Electrolytic  Treatment  of  Tumours  and  other  Surgical  Diseases. 
London,  1867. 
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civilisation.  They  must,  however,  be  described,  because  the 
practitioner  is  often  consulted  about  the  advisability  or  not 
of  using  them. 

a.  Inconstant  Batteries. — The  original  voltaic  pile  has 
entirely  disappeared  from  medical  practice,  as  it  is  not  only 
unreliable,  but  also  very  troublesome  to  keep  in  order. 

A  new  modification  of  the  old  voltaic  pile  has  lately  been 
recommended  by  Prof.  Hammond,'  of  New  York.  In  this 
instrument  the  copper  and  zinc  plates  are  perforated,  and 
soldered  together.  At  the  bottom  of  the  pile  is  a  plate 
of  hard  india-rubber,  upon  which  is  placed  a  pair  of  copper 
and  zinc,  with  a  copper  wire  soldered  to  the  copper  plate  ; 
upon  this  pair  is  laid  a  piece  of  flannel  or  woollen  cloth, 
equal  in  size  to  the  pair ;  then  follows  another  pair, 
another  piece  of  flannel,  and  so  on.  The  pairs  are  so  placed 
that  the  copper  is  always  below.  Another  copper  wire 
is  soldered  to  the  zinc  plate  of  the  last  pair.  For  putting 
the  machine  into  action  strong  vinegar  is  poured  on  the  top ; 
this  passes  through  the  pairs  and  moistens  the  flannel ;  a 
saucer  underneath  receives  the  excess  of  the  vinegar.  On 
the  top  of  the  instrument  are  two  other  plates  of  india- 
rubber,  having  each  a  large  hole  in  the  centre,  and  four 
holes  for  an  equal  number  of  hard  india-rubber  rods,  by 
which  the  instrument  is  suspended  on  an  iron  or  brass  sup- 
port. Insulated  Y>dres  are  used  to  connect  the  poles  with 
the  electrodes.  This  instrument  is  better  than  the  original 
voltaic  pile,  but  vastly  inferior  to  the  batteries  of  Daniell, 
Smee,  and  Bunsen. 

.  Another  modification  of  the  voltaic  pile,  which  was  much 
used  some  time  ago,  is  CruikshanUs  battery.  It  has  the 
advantage  of  being  easily  manipulated,  but  its  current  is 
as  inconstant  as  that  of  the  old  pile.     It  consists  of  plates 

'  Quarterly  Journal  of  Psychological  Medicine,  etc.  July,  1867.  Vol.  i. 
p.  62. 
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of  copper  and  zinc,  which  are  arranged  in  wooden  troughs. 
One  trough  generally,  contains  fifty  pairs,  so  that  two 
troughs  furnish  a  powerful  current.  To  excite  the  battery, 
water,  salt  water,  or  acidulated  water,  is  used  :  if  distilled 
water  be  employed,  the  chemical  action  is  feeble  ;  but  with 
acidulated  water  it  is  considerably  intensified. 

Cruikshank's  battery  was  a  decided  improvement  on  the 
old  pile,  but  is  now  completely  superseded  by  more  conve- 
nient and  reliable  instruments. 

Wollaston's  battery  has  the  advantage  that  the  pairs  of 


Fig.  49. — Wollaston's  Battery. 


copper  and  zinc  can  be  easily  immersed  in,  and  withdrawn 
from,  the  exciting  liquid ;  but  the  current  furnished  by  it 
is  likewise  inconstant. 

Amongst  the  portable  modifications  of  the  old  voltaic 
pile,  the  instruments  of  Eecamier,  Pulvermacher,  Breton, 
and  Prudhomme,  deserve  special  mention. 

RScamier's  Galvanic  Poultice  consists  of  pieces  of  cotton- 
wool, which  contain  minute  pieces  of  zinc  and  copper,  each 
pair  being  separated  by  a  piece  of  flannel.  The  wool  is 
placed  in  a  bag,  one  surface  of  which  is  made  air-tight  and 
impermeable  (of  gutta-percha),  while  the  other  is  of  cotton. 
The  permeable  surface  of  the  bag  is  applied  to  the  skin 
and  fixed  by  a  binder  ;  the  impermeable   side  retains  the 
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perspiration,  which  soon  accumulates  in  a  liquid  state  and 
causes  the  pile  to  act.  The  effect  is  more  powerful  if  the 
flannel  be  wetted  with  vinegar.  One  of  these  poultices, 
bound  tightly  to  the  skin,  produces  a  sensation  of  warmth ; 
two  of  them  cause  a  pricking  sensation,  and  redden  the 
skin.  The  apparatus  was  recommended  to  be  worn  day  and 
night,  and  is  said  to  have  been  used  with  benefit  in  cases  of 
amenorrhcea,  rheumatism,  &c. 

Pidverriiacher'' s  Galvanic  Chains  consist  of  a  more  or  less 
considerable  number  of  pairs,  forming  a  little  voltaic  pile  ; 


Fig.  50. 


these  pairs  have  a  small  surface,  and  the  apparatus  conse- 
quently furnishes  a  comparatively  small  quantity  of  electri- 
city, but  which  possesses  a  high  tension.  Each  pair  of  the 
original  chain  consists  of  a  piece  of  wood,  round  which  are 
coiled  a  zinc  wire  and  a  brass  wire  ;  each  wire  terminates  in 
a  ring,  by  which  it  is  connected  with  the  heterogeneous  wire 
of  the  next  link,  that  is,  the  zinc  with  the  brass,  and  the 
brass  with  the  zinc.  At  one  end  of  the  chain  the  zinc  wire 
is  free,  forming  the  positive  pole  ;  at  the  other  end  the  brass 
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wire  is  free,  forming  the  negative  pole.  If  the  chains  be 
immersed  in  vinegar,  the  wood  is  impregated  with  it  and 
serves  as  a  moist  conductor,  thus  exciting  the  action  of  the 
battery. 

Pulvermacher  has  frequently  modified  the  construction  of 
these  chains,  and  lately  done  away  with  the  wood,  using 
merely  a  hollow  cylinder  of  zinc,  round  which  the  brass  is 
coiled.  This  has  the  advantage  of  allowing  the  zinc  to  be 
replaced  when  it  has  been  destroyed  by  the  chemical  action 
of  the  battery.  The  chains  are  portable,  handy,  and  easily 
put  in  action  ;  but  they  have  the  drawback  inherent  to  all 
modifications  of  the  original  pile,  viz.  that  the  current 
generated  by  them  is  liable  to  great  and  sudden  variations 
within  a  short  time.  Moreover,  in  consequence  of  their 
small  surface  and  high  tension,  they  are  not  suitable  for 
being  applied  to  the  nervous  centres.  A  prolonged  use  of 
the  chains,  which  is  generally  recommended,  is  not  only 
opposed  to  all  principles  of  physiology  and  therapeutics^  but 
also  condemned  by  daily  experience ;  as,  when  thus  em- 
ployed, they  cause  sloughs,  the  cicatrices  of  which  remain 
throughout  life,  and  may  aggravate  the  disorder  for  the 
relief  of  which  they  were  brought  into  play. 

Messrs.  Breton  Freres,  of  Paris,  have  constructed  a 
Galvanic  Belt,  consisting  of  zinc  and  copper  plates,  which 
are  separated  from  each  other  by  a  moist  mastic ;  it 
furnishes  very  little  electricity.  Breton^ s  Electric  Mixture 
consists  of  two  pastes,  one  of  which  contains  zinc  and  the 
other  copper  in  a  pulverised  state,  mixed  with  sawdust  and 
chloride  of  calcium,  in  order  to  keep  it  moist. 

Innumerable  varieties  of  galvanic  belts  and  similar 
portable  machines  have  since  then  been  constructed,  but 
which  it  is  not  necessary  to  describe.  The  only  one  which 
appears  to  give  a  somewhat  constant  current  is  Prudhomme's 
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modification    of    Marie-Davy's    sulphate    of    lead    battery 
(p.  32). 

This  consists  of  a  disc  of  zinc  of  the  size  of  a  two- shilling 
piece,  a  ring  of  pasteboard,  the  interior  of  which  is  filled  up 
with  a  paste  of  sulphate  of  lead,  and  a  thin  disc  of  copper. 
Any  number  of  such  pairs  may  be  connected  so  as  to  form  a 
belt,  which,  according  to  Prudhomme,  preserves  its  efficacy 
for  four  or  five  days. 

b.  Constant  Batteries. — Most  constant  batteries  now  in 
use  are  modifications  of  "Daniell's,  Bunsen's,  and  Smee's  pair  ; 
while  Grrove's  arrangement  has,  on  account  of  its  high  price, 
the  difficulty  of  managing  it,  and  the  necessity  of  using 
nitric  acid  for  its  charge,  disappeared  from  medical  practice. 

Remakes  apparatus  (Fig.  51)  consists  essentially  of  four 
parts,  viz.  the  battery  b,  the  dial  for  regulating  the  power 
of  the  current  s,  a  commutator  or  current-reverser  c,  and 
a  galvanometer,  for  showing  the  condition  of  the  battery  G. 
The  battery  consists  of  sixty  pairs  of  Siemens  and  Halske's 
modification  of  Daniell's  pair,  viz.  zinc  and  copper,  with 
water  and  a  concentrated  solution  of  sulphate  of  copper. 
Each  of  these  pairs  is,  by  means  of  telegraph  wires, 
connected  with  the  dial,  the  commutator,  and  the  galvano- 
meter. The  dial  is  furnished  with  two  sets  of  five  studs 
each,  standing  in  a  semicircle.  One  of  these  is  marked  2, 
4,  6,  8,  10,  and  the  other  10,  20,  30,  40,  50.  In  the  middle 
of- each  semicircle  is  fixed  a  hand-plate,  b,,  b^,  which  may  be 
turned  so  as  to  touch  any  of  the  metallic  studs.  Bj  gives  a 
current  of  from  two  to  ten  pairs,  while  b^  yields  the  same 
of  from  ten  to  fifty.  If,  for  instance,  a  current  of  eight 
cells  is  desired,  the  hand-plate  Bj  is  placed  to  the  stud  8, 
while  Bg  is  made  to  touch  the  board  marked  0.  If  it  is 
intended  to  use  26  cells,  Bj  is  made  to  touch  6,  and  b^  put 
on  20,  and  so  on.  If  both  Bj  and  b^  touch  0,  there  is  no 
current  at  all. 
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The  conducting-  wires  are  connected  with  the))inding--serews, 
K,  copper,  and  z,  zinc.     If  the  hand-plate  of  the  commu- 


FiG.  51. 


tator,  c,  marks  N,  the  positive  current  travels  through  K  into 
the  human  body,  and  through  z  to  the  negative  p^rti.  d  <^^ 

u 
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battery;  but  if  the  hand-plate  marks  w,  the  direction  of  the 
current  is  reversed.  The  galvanometer,  G,  shows  the  in- 
tensity of  the  current  as  soon  as  the  stopper  a  is  removed,  so 
as  to  allow  the  transmission  of  the  current  to  the  instrument. 
M  is  a  brass  stud  furnished  with  a  small  magnetic  rod,  by 
means  of  which  the  position  of  the  needle  may  be  rectified, 
in  case  it  should  have  become  faulty,  and  show  a  deflection 
when  no  current  passes  through  it.  This  apparatus  may  be 
procured  from  Messrs.  Kriiger  and  Hirschmann,  of  Berlin, 
the  successors  of  Siemens  and  Halske. 

The  prototype  of  most  portable  constant  batteries  is  that 
which  has  been  constructed  by  Dr.  Emil  Stohrer,  of  Dresden, 
to  whom  the  merit  is  due  of  having  been  the  first  to  devise 
a  handy  and  really  useful  machine  for  administering  the 
continuous  current.  Stohrer  has  constructed  four  kinds 
of  constant  batteries,  viz.  the  portable,  the  hospital 
battery,  the  electrolytic  battery,  and  the  chloride  of  silver 
battery. 

a.  The  portable  battery  (Fig.  52)  is  made  up  of  twenty 
cells  and  thirty  cells,  the  prices  being  8l.  8s.  and  11^.  lis. 
It  is  a  modification  of  Bunsen's  pair  (p.  30),  and  consists  of 
plates  of  carbon  and  zinc  suspended  on  a  wooden  carrier,  and 
vulcanite  cells  filled  with  diluted  sulphuric  acid  (1  in  8  or 
10),  with  the  addition  of  a  small  quantity  of  bisulphate  of 
mercury  for  keeping  the  zincs  amalgamated.  The  cells 
being  only  half  filled  with  the  exciting  liquid,  there  is  no 
fear  of  spoiling  the  latter,  if  ordinary  care  be  taken.  The 
cells  are  kept  on  the  bottom  of  the  case  when  the  battery  is 
at  rest ;  and  they  may  be  lifted  up  by  a  rod  of  ebony  wood, 
so  as  to  come  into  contact  with  the  plates  when  it  is  desired 
to  use  the  battery.  When  the  rod  is  lifted  up,  a  quarter  of 
a  turn  given  to  it  places  it  horizontally,  and  keeps  the  cells 
.suspended,  All  this  time,  the  current  is  circulating.  At 
the  end  of  the  application,  another  turn  is  given  to  the 
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black  rod,  and  the  cells  are  lowered  again,  so  as  to  disconnect 
them  from  the  plates. 

Those  parts  of  the  battery  on  which  chief  ingenuity  has 
been  expended,  and  which  have  been  extensively  copied  both 


Fig.  52. — Stohrer's  Portable  Battery. 


in  Europe  and  America,  are  the  sledge  or  current-selector, 
and  the  commutator  or  current-reverser. 

The  sledge  is  a  square  piece  of  wood,  which  can  be  made 
to  slide  on  the  plate-carrier.     This   latter  is  marked  with 

V  2 
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figures  progressing  from  the  left  to  the  right  side,  and  indi- 
cating the  number  of  cells  to  be  used.  The  sledge  should 
be  so  placed  that  it  covers  three  of  the  wires  visible  on  the 
plate-carrier  :  and  the  middle  one  of  these  then  indicates  the 
number  of  cells  in  the  circuit.  If  we  omit  taking  this  pre- 
caution, there  is  collateral  closure  of  circuit  between  two 
adjoining  pairs,  in  consequence  of  which  there  is  a  copious 
development  of  gas,  and  the  battery  is  more  or  less  injured. 
At  its  lower  surface,  the  sledge  is  furnished  with  two  metal 
rails,  which  are  long  enough  to  touch  the  next  pair  of  plates 
before  the  preceding  one  is  left.  This  arrangement  has  the 
advantage  of  avoiding  voltaic  shocks  on  increasing  or 
diminishing  the  power  of  the  current,  which  is  an  important 
consideration,  inasmuch  as  voltaic  shocks,  when  given  about 
the  face  and  neck,  give  rise  to  giddiness  and  dazzling 
sensations  of  light,  which  are  quite  unnecessary  and  very  dis- 
agreeable. In  cases  of  hemiplegia,  owing  to  recent  cerebral 
hgemorrhage,  they  may  even  be  dangerous. 

The  commutator  is  a  roller  of  brass,  divided  in  two  parts  by 
a  central  piece  of  ebony  wood  ;  the  two  parts  are  in  contact 
with  two  springs  which  are  connected  with  the  rails  of  the 
sledge.  The  roller  may  be  turned  by  means  of  a  handle ; 
and  the  studs  for  the  insertion  of  the  conducting  wires, 
which  are  fixed  at  each  side  of  the  commutator,  may  thus 
be  alternately  placed  in  contact  with  the  anterior  and  pos- 
terior surface  of  the  rails.  If  the  handle  be  placed  perpen- 
dicularly, there  is  no  metallic  contact  at  all,  and  the  circuit 
is  therefore  broken;  when  the  handle  is  turned  back,  the 
stud  on  the  right  hand  of  the  observer  is  in  contact  with  the 
carbon,  and  is  therefore  positive ;  but,  when  the  handle  is 
turned  to  the  front,  the  stud  on  the  right  side  becomes  ne- 
gative. This  may  be  easily  verified  by  electrolysing  water, 
when  hydrogen  will  be  seen  to  bubble  up  alternately  at  the 
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right  and  the  left  side,  according  to  the  position  of  the 
handle  of  the  commutator. 

In  the  lid  of  the  box  is  a  small  compartment  for  electrodes 
and  conducting  wires  ;  and  it  also  contains  a  key  and  hook 
for  undoing  the  plates  if  required. 

Stohrer's  portable  battery  keeps  in  good  condition  for 
about  three  months,  if  it  be  daily  used.  It  is  rather  less 
subject  to  polarisation  than  most  of  the  other  portable 
batteries.       Occasionally,   especially    in    hot    weather,   the 


Fig.  53. — Stohrer's  Hospital  Battery. 


addition  of  a  little  fresh  water  to  the  liquid  in  the  cells  is  to 
be  recommended,  so  as  to  replace  the  water  which  has  been 
lost  by  evaporation.  If  the  current  does  not  appear  to  be 
perceptibly  refreshed  by  the  addition  of  water,  a  new  charge 
must  be  put  in,  and  the  sulphate  of  zinc,  which  is  found  ad- 
hering to  the  plates,  must  be  removed.  If  the  battery  be 
well  treated,  it  ought  to  last  for  twenty  years. 

h.  The  hospital  battery  (Fig.  53)  consists  of  thirty  or  forty 
pairs  of  plates,  contained  in  an  oak  case  ;  the  prices  being 
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8l.  8s.  and  lOl.  10s.  It  is  much  larger  and  heavier  than  the 
one  just  described,  from  which  it  also  differs  in  some  other 
particulars.  The  cells  are  not  of  vulcanite,  but  of  glass,  and 
are  placed  on  a  tray,  which  is  divided  into  two  portions, 
each  one  of  which  carries  fifteen  or  twenty  glasses.  The 
tray  is  raised  much  in  the  same  manner  as  in  the  portable 
battery,  and  fixed  by  a  turn  of  the  black  rod.  There  are  a 
sledge  and  a  commutator.  This  latter  differs  from  the  one 
in  the  portable  battery.  It  consists  of  a  wooden  roller 
carrying  two  bent  springs,  the  anterior  ends  of  which  touch 
the  edges  of  two  copper  bows.  Opposite  to  these  latter  there 
are  three  metallic  studs,  which  come  in  contact  with  the 
posterior  ends  of  the  bent  springs  of  the  roller,  when  this  is 
turned  either  to  the  right  or  to  the  left  side.  If  the  roller  be 
placed  perpendicularly,  the  springs  and  knobs  do  not  touch, 
and  the  circuit  is  therefore  broken.  On  the  lower  surface  of 
the  sledge  there  are  two  metallic  rails,  which  fit  into  the  groove 
of  the  plate-carrier.  The  two  external  studs  of  the  commu- 
tator are  connected  with  the  anterior  rail,  and  the  central 
stud  with  the  posterior  rail.  If  the  roller  of  the  commutator 
be  turned  to  the  right,  the  right  stud  is  negative,  and  the 
left  positive ;  while,  if  it  be  turned  to  the  left,  the  direction 
of  the  current  is  reversed. 

c.  The  electrolytic  battery  differs  from  the  hospital 
battery  chiefly  by  the  size  of  the  plates  and  glasses,  which 
is  double  that  of  the  other  ;  so  that  a  corresponding  larger 
surface  is  immersed,  whereby  the  chemical  effects  are  pro- 
portionately increased.  The  action  is  further  intensified  by 
the  addition  of  a  somewhat  concentrated  solution  of  chromic 
acid  to  the  ordinary  charge  of  the  battery.  This  solution 
should  have  a  claret  colour,  and  two  drachms  of  it  are  suffi- 
cient for  each  cell.  The  electrolytic  battery  contains  twenty 
pairs  of  plates,  and  costs  6^. 

Stohrer's  batteries  will  always  command  the  respect  of  tlie 
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profession,  not  only  because  they  were  the  first  which  ful- 
filled the  important  desideratum  of  portability,  but  also  on 
account  of  their  sound  workmanship.  We  must,  however, 
not  shut  our  eyes  to  the  fact  that  they,  as  other  portable 
batteries,  are  liable  to  polarisation  ;  and,  secondly,  that  the 
carbon  used  in  them  is  fragile.  The  battery,  therefore, 
requires  very  tender  treatment,  more  especially  as  the  black 
rod,  which  is  projecting  outside  at  both  ends  of  the  battery, 
somewhat  facilitates  the  reception  of  accidental  injuries 
This  is  not  merely  theory,  but  we  speak  from  actual  experi- 
ence. Stohrer's  instruments  would  be  much  improved  by 
using  a  harder  kind  of  carbon,  by  introducing  leverage  inside 
the  box,  and  by  the  addition  of  a  galvanometer.  In  London, 
Stohrer's  batteries  may  be  procured  from  Messrs.  Krohne 
and  Sesemann,  of  Duke  Street,  Manchester  Square,  W. 

Messrs.  Mayer  and  Meltzer,  of  Grreat  Portland  Street,  W., 
have  had  the  ingenious  idea  of  combining  a  constant  battery 
of  considerable  power  with  an  induction-apparatus  in  the 
same  box  (Fig.  54).  Their  instrument  is,  therefore,  com- 
plete for  all  purposes  of  medical  electricity.  It  has,  how- 
ever, yet  to  be  shown  whether  there  will  be  any  real 
advantage  to  country  practitioners  in  this  arrangement,  as 
it  might  be  objected  to  it  that,  where  the  practitioner  has 
two  instruments,  one  for  galvanisation  and  another  for 
faradisation,  and  one  of  them  were  to  get  out  of  order,  he 
would  not  be  entirely  deprived  of  some  source  of  electricity 
while  the  one  instrument  was  being  repaired;  while,  if 
anything  happened  to  the  combined  arrangement,  he  would 
be  altogether  bereaved  for  a  time.  We  do  not  say  this  by 
way  of  disparagement  of  Mayer  and  Meltzer's  idea,  which 
deserves  all  praise,  but  merely  to  suggest  that  there  are  two 
sides  to  the  question,  and  that  it.  is^, well  for  the  practitioner 
to  weigh  them  both  before  deciding  on  purchase.  ,  These 
manufacturers,  however,  also  construct  galvanic  and  faradic 
machines  apart. 
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The  constant  battery  in  this  box  is  a  modification  of 
Bunsen's  pair — viz.  carbon  and  zinc,  charged  with  diluted 
sulphuric  acid  (1  in  20).  The  carbon  seems  to  be  of  a 
particularly  good  kind,  as  it  is  not  nearly  as  fragile  as 
Stolirer's  carbon,  and  generates  a  more  powerful  current 
than  the  latter.  The  battery  is  charged  by  lifting  up  the 
handles  1  and  2,  and  filling  the  cells  rather  less  than  half 
with  the  charge.  They  are  then  replaced,  so  that  the  fluid 
and  the  plates  are  not  in  contact.     For  putting  the  battery 


EiG.   54. — Mayer  and  Meltzer's  Galvano-faiadic  Machine. 

into  action,  there  is  a  lifting  arrangement,  which  raises  the 
cells  so  as  to  make  the  liquid  touch  the  plates,  whereupon 
the  galvanic  current  commences  to  flow.  In  the  first  speci- 
mens of  this  battery,  the  manufacturers  had  arranged  the 
leverage  on  the  outside  of  the  case,  so  that  every  knob  that 
was  depressed  raised  a  tier  of  four  plates.  In  a  later 
arrangement,  however,  nothing  is  projecting  outside,  which 
is  a  great  improvement.     The  cells  are  raised  by  pulling  up 
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metal  rods  inside  the  battery.  There  is  a  dial  with  an 
index  for  selecting  the  power  that  may  be  required  ;  and  we 
have  suggested  to  the  inanufacturer  a  slight  change  in  its 
arrangement,  so  as  to  avoid  the  occurrence  of  voltaic  shocks 
on  increasing  or  diminishing  the  current.  There  is  also  a 
commutator  or  current-re verser  on  Stolirer's  principle,  the 
central  block  in  which  is  made  of  vulcanite.  A  galvanometer 
shows  the  condition  of  the  battery.  A  valuable  addition  is 
an  arrangement  which  allows  to  branch  off  for  use  any  cells 
in  the  circuit,  so  that  the  chief  strain  is  not,  as  in  almost 
all  other  machines,  put  on  the  initial  pairs  of  the  battery. 
The  chemical  action  is  thus  more  divided,  and  the  instru- 
ment can  be  used  much  longer  than  if  the  initial  pairs 
always  formed  part  of  the  circuit. 

The  induction-apparatus  is  put  in  action  by  turning  the 
lever  No.  5  so  as  to  cover  the  two  brass  pins.  This  estab- 
lishes the  contact  between  the  battery  and  the  coil,  and 
the  familiar  musical  sound  indicates  that  the  faradic  current 
is  induced  ;  6  and  7  are  the  studs  for  the  primary,  and  8 
and  9  for  the  secondary  current.  The  intensity  of  either 
current  may  be  increased  by  passing  an  index  along  the 
semicircular  row  of  pins  marked  from  1  to  12.  The  gradu- 
ations are  sufficiently  extensive  for  allowing  the  use  of  a 
current  which  is  hardly  perceptible  on  the  tongue  and  face, 
and  all  intermediate  degrees  up  to  a  point  which  would  not 
be  relished  by  the  most  hardened  garotter.  The  price  of 
this  instrument,  which,  in  its  latest  development,  is  a  per- 
fect piece  of  workmanship,  is  121.  12s. 

Leclanche's  pair  (p.  34),  which  was  invented  in  1868,  was 
first  utilised  for  medical  practice  by  M.  Graiffe,  of  Paris.* 
He  either  employs  the  original  Leclanche,  or  a  modification 
of  it,  which  has  been  introduced  by  M.  Tripier,  and  which 

'  Gaiffe'a  batteries  may  be  procured  in  London  from  his  agents,  Messrs. 
Lejeune  &  Perken,  24  Hatton  Garden.  E.G. 
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consists  of  the  substitution  of  a  piece  of  lead,  surrounded 
with  minium,  for  the  carbon  and  manganese.  These  pairs 
are  arranged  in  batteries  varying  from  twenty-four  to  sixty 
cells.  Fig.  55  shows  one  containing  twenty-four  cells. 
They  are  all  furnished  with  a  'collector,'  which  allows  the 
selection  of  aay  number  of  pairs  in  the  battery,  so  that  a 
gradual  increase  or  decrease  of  power  may  be  had  without 
causing  any  interruption  of  the  current.     A  galvanometer 


Pig.  55. — Gaiffe's  Leclanche  Battery. 

is  added  to  the  instrument,  showing  approximatively  the 
condition  of  the  pair  and  the  intensity  of  the  cm-rent. 
Conducting  wires  and  directors  are  enclosed  in  the  case. 
A  B  C  D  is  a  tablet  which  carries  the  manipulating  '  col- 
lector '  M,  the  galvanometer  {g\  and  the  clamps  (p  N),  in 
which  the  conducting  wires  are  fixed,  e  e  e  e  e  are  the 
pairs  or  elements  of  the  battery,  and  F  the  conducting  wires 
which  connect  the  pairs  with  the  collector,     h  is  the   box 
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containing  the  J3attery.  M.  Tripier  has  added  to  this 
battery  a  'double  collector'  (Fig.  56),  by  the  aid  of  which 
it  is  possible  to  put  all  the  different  cells  successively  into 
the  circuit.  This  consists  of  a  double  row  of  metallic  studs 
connected  amongst  each  other  by  two  and  two,  by  means  of 
conducting  wires.  The  first  twelve  pairs  are  in  communi- 
cation with  the  positive  poles  of  the  battery  p  n  ;  the  thir- 
teenth with  the  negative  pole  of  the  last  pair  of  this  battery. 
It  is  therefore  possible,  by  attaching  the  conducting  wires 
A  p'  B  n'  to  the  studs,  to  collect  the  current  furnished  either 
by  the  entire  battery,  or  by  any  portion  of  it.     The  contact 


Fig.  56. — Tripier's  Double  Collector. 


of  the  conducting  wires  with  the  studs  is  made  by  the 
springs  p,  a,  and  b.  The  spring  a  being  in  contact  with  any 
one  of  the  studs  of  the  right  row,  and  the  spring  b  with 
any  one  of  the  left  row,  either  the  commencement,  or  the 
middle,  or  the  end  of  the  battery  can  be  utilised.  The 
positive  pole  is  under  these  circumstances  that  nearest  to  0, 
and  the  negative  that  one  which  is  furthest  removed  from 
it.  In  this  way,  where  only  a  limited  number  of  pairs 
is  used,  sometimes  one,  and  sometimes  another  set  may  be 
used,  so  as  not  to  throw  the  whole  weight  of  the  chemical 
action  on  the  initial  pairs  of  the  battery.     The  integrity  of 
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any  part  of  the  circuit  may  be  shown  by  closing  the  circuit 
at  N  p'  by  means  of  the  galvanometer  g. 

The  price  of  GraifFe's  Leclanche,  of  twenty-four  pairs,  is 
4.1.  10s.,  every  additional  twelve  pairs  making  an  increase  of 
IZ.  ;  a  sixty-pair  battery  costs  therefore  71.  10s.  The 
addition  of  the  '  double  collector '  raises  the  price  from 
12s.  6d.  to  ll.  5s.  A  commutator  may  also  be  had,  for 
j:eversing  the  direction  of  the  current  and  producing  voltaic 
shocks,  at  12s.  Qd. 

Messrs.  Keyser  and  Schmidt,  of  Berlin,  have  also  con- 
structed a  Leclanche  ;  but  it  is  only  fit  for  the  consulting- 
room,  and  cannot  be  carried  about.  It  has  the  appearance 
of  a  cupboard,  and  contains  twenty-four  large  cells.  On  the 
upper  surface  of  the  cupboaru  there  is  a  dial  for  the 
selection  of  the  galvanic  power  required,  a  galvanometer, 
a  contrivance  for  reversing  the  current,  and  two  clamps 
for  receiving  the  conducting  wires.  The  price  of  this  is 
about  III. 

Professor  Beetz,  of  Munich,  has  constructed  a  portable 
Leclanche,  which  will  probably  be  more  useful  than  Keyser 
and  Schmidt's  arrangement.  He  has  rejected  the  porous 
vase  altogether,  and  fills  the  third  part  of  an  ordinary  test- 
tube  with  a  mixture  of  coarsely  powdered  carbon  and  pyro- 
lusite ;  two-thirds  of  the  tube  are  filled  with  a  concentrated 
solution  of  chloride  of  ammonium.  The  inner  surface  of 
the  upper  part  of  the  tube  is  coated  with  tallow,  so  as  to 
avoid  capillary  attraction  of  the  liquid  and  crystallisation. 
A  cover  of  vulcanite  closes  the  opening  of  the  tube, 
admitting  through  its  centre  a  rod  of  zinc,  into  which  a 
brass  wire  is  let  in.  The  latter  forms  the  zinc  pole,  while  a 
platinum  wire  projecting  from  the  bottom  forms  the  carbon- 
pole.  The  tube  is  closed  waterproof,  but  not  air-tight. 
There  can  be  no  spilling  of  the  liquid,  but  the  gas  which  is 
formed    during   the  galvanic  action  may  escape  from  the 


CHAP.  III.  GALVANISATION  301 

cover.  Beetz  has  measured  the  electro-motive  power  of 
this  battery,  and  finds  it  superior  to  the  original  Leclanche 
— viz.  1.4  Daniell's  being  1.  Twenty-four  cells  of  Beetz- 
Leclanche  are  therefore  equal  to  thirty-four  Daniells,  or 
thirty-six  chloride  of  silver  pairs.  The  price  of  the  twenty- 
four  cell  apparatus  is  6^. ;  and  any  number  may  be  added 
to  them  at  an  expense  of  4s.  for  each  pair.'  Leclanche's 
battery  has  also  been  utilised  for  induction  machines ;  but 
of  these  arrangements  we  shall  speak  when  we  treat  of 
faradisation. 

Our  own  idea  about  Leclanche's  battery  is,  that  it  is  a 
most  useful  arrangement  ivhere  only  short  luork  is  required 
of  it.  It  would  therefore  be  an  excellent  battery  for  the 
physician  or  general  practitioner  who  uses  electricity  occa- 
sionally in  one  patient ;  while  for  the  electro-therapeutist, 
who  has  to  get  hard  work  out  of  a  battery,  Daniell-Muirhead 
is  infinitely  preferable.  The  reason  for  this  is  very  simple — 
it  is,  that  Leclanche  is  more  readily  subject  to  polarisation 
than  Daniell.  As  soon  as  it  is  put  into  action,  the  water  is 
decomposed  and  hydrogen  developed.  Now,  it  is  quite 
true  that  the  pyrolusite  gives  Off  a  certain  quantity  of 
oxygen,  which  combines  with  the  hydrogen  to  form  water  ; 
yet  hydrogen  is  always  in  excess,  and  thus  polarisation  is 
produced.  Polarisation  is,  in  fact,  inevitable  in  all 
batteries,  because,  if  a  liquid  were  used  that  is  incapable  of 
decomposition,  no  galvanic  action  would  take  place ;  it  is 
therefore  the  degree  of  polarisation  which  we  have  to  consider 
in  batteries.  The  polarisation  current  flows  in  a  direction 
contrary  to  the  battery-current,  and  has  therefore  the 
tendency  to  neutralise  the  original  current.  Where  polarisa- 
tion is  energetic,  this  secondary  current  becomes  so  strong, 
after  a  time,    that    it    completely  neutralises    the    original 

'  This  apparatus  may  be  procured  from  Messrs.  Th.  Edelmann,  of  Munich. 
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current,  so  that  the  action  of  the  battery  is  reduced  to  zero. 
Now  this  takes  place  in  Leclanche's  battery  much  more 
rapidly  than  in  Daniell's,  with  the  result  that  it  will '  strike ' 
after  having  been  at  work  for  some  time.  Of  course,  after 
the  battery  has  been  at  rest,  the  current  reappears,  but  only 
to  disappear  again  after  a  certain  amount  of  work.  This  is 
the  principal  reason  why  Leclanche  has  not  superseded 
Daniell-Muirhead  at  the  postal  telegraphs,  where  it  has 
been  extensively  tried ;  but,  on  the  other  hand,  it  has  been 
found  extremely  useful  for  railway-signalling,  where  only  a 
short  action  is  required. 

Another  drawback  to  Leclanche's  battery  is  the  develop- 
ment of  free  ammonia,  as  soon  as  the  water  has  taken  up 
such  an  amount  of  that  gas  as  to  become  saturated  with  it. 
This  is  chiefly  remarked  in  the  coarse  batteries  which  have 
been  constructed  for  telegraphic  and  railway  purposes,  and 
scarcely  at  all  in  G-aiffe's  and  Beetz's  arrangements.  Never- 
theless it  is  a  drawback. 

A  great  advantage,  on  the  other  hand,  is  the  wonderful 
enduring  power  of  a  good  Leclanche.  In  this  it  surpasses 
any  other  battery  that  has  yet  been  constructed ;  and  its 
constancy,  as  far  as  this  is  concerned,  appears  to  be  practically 
unlimited. 

It  will  thus  be  seen  that  Leclanche  is  the  exact  counter- 
part of  Daniell-Muirhead,  which  will  be  presently  described. 
In  the  latter  arrangement,  polarisation  is  to  all  intents  and 
purposes  reduced  to  zero,  so  that  an  unlimited  supply  of 
electricity  can  be  got  from  it,  even  if  one  were  to  continue 
working  with  it  day  and  night  consecutively  without  any 
intermission.  But,  unless  cleaned  and  nursed  with  a  fresh 
solution  of  sulphate  of  copper  every  two  or  three  months,  it 
would  soon  cease  to  act  altogether.  In  the  telegraph  offices, 
where  a  battery  that  works  hard  without  ever  '  striking ' 
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even  for  a  minute  is  indispensable,  these  batteries  are 
cleaned  almost  every  week  or  fortnight.  In  our  own 
practice  it  is  found  necessary  to  have  this  done  about  once 
in  every  six  weeks  or  two  months.  With  Leclanche,  on  the 
other  hand,  no  cleaning  would  be  required  for  from  five  to 
ten  years.  For  this  reason  practitioners  residing  in  remote 
parts  of  the  country,  or  in  the  colonies,  where  it  is  difl&cult 
to  put  a  fresh  charge  into  a  battery,  or  to  get  it  repaired, 
would  find  Leclanche  invaluable  ;  while  it  also  recommends 
itself  to  others  living  more  in  the  centres  of  civilisation  as 
an  instrument  that  will  never  refuse  some  amount  of  service, 
even  after  having  been  stowed  away  in  the  lumber-room  for 
years. 

M.  Gaiffe  has  constructed  two  kinds  of  chloride  of  silver 
batteries,  which  differ  according  to  the  size  of  the  pairs,  and 
also  in  some  other  particulars.  The  smaller  of  these  con- 
stitutes the  most  portable  and  least  expensive  constant  battery 
which  has  as  yet  been  constructed.  It  is  made  of  24,  36,  48, 
or  60  pairs  of  the  battery,  and  may  be  carried  in  the  coat 
pocket.     A  B  c  D  (Fig.  57)  is  the  box  containing  the  battery. 


Pig.  57. — Gaiffe's  small  Chloride  of  Silver  Battery. 

and  has  the  size  of  an  octavo  volume ;  t  is  the  tablet, 
beneath  which  the  several  pairs  are  fixed ;  0,  4,  8,  12,  1 6, 
20,  24,  are  the  studs  communicating  with  the  pairs,  where 
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the  conducting  wires  are  inserted  ;  P  is  the  positive  and-N 
the  negative  pole ;  g  is  the  case  in  which  the  conducting 
wires  and  the  directors  are  placed.  The  price  is  about  35s. 
for  twenty- four  pairs,  and  rises  by  1 2s.  for  every  twelve  pairs, 
so  that  one  of  sixty  pairs  costs  about  3^  10s.  These 
batteries  will  work  for  eighty  hours  without  being  recharged. 
They  are  far  superior  to,  and  much  cheaper  than,  Pulver- 
macher's  chains.  Experience  shows,  however,  that  a  larger 
surface  of  metals  is  preferable,  in  a  therapeutical  point  of 
view,  to  a  small  one ;  and  we  should,  therefore,  recommend 
these  marvels  of  ingenuity  and  cheapness  to  those  only  who 
cannot  afford  to  pay  for  the  larger  and  more  costly  instru- 
ments. 

The  same  manufacturer  has  constructed  a  larger  chloride 
of  silver  battery  (fig.  58),  which  not  only  lasts  much  longer 
than,  but  is  also  therapeutically  preferable  to,  the  one  just 
described ;  although  more  bulky  than  the  former,  it  is  yet 
portable.  It  consists  of  from  eighteen  to  sixty  pairs,  of 
which  six  are  shown  in  the  diagram  (f  f  f  F  F  f)  ;  N  is  the 
tablet  covering  the  pairs ;  v  v  v  v  the  binding  screws  ;  i  the 
pedal  by  means  of  which  the  current  may  be  interrupted  ;  a 
the  galvanometer  ;  b  b'  the  clamps  of  the  conducting  wires  ; 
0  o  the  stud  communicating  with  the  negative  pole  of  the 
first  pair  of  the  battery  ;  2-2,  4-4,  6-6,  8-8,  &c.,  the  studs 
connected  with  the  positive  poles  of  the  second,  fourth,  sixth, 
and  eighth  pairs,  and  so  on ;  n  m'  the  handles  which  connect 
the  clamp  b  b'  with  the  number  of  pairs  that  are  to  be  used, 
and  which  allow  the  practitioner  to  act  with  different  sets  of 
pairs  in  the  battery,  so  as  to  divide  the  chemical  action  ;  e  e'' 
are  the  directors.  This  apparatus  is  much  more  costly  than 
the  one  previously  described.  An  18-pair  one  costs  8^.,  and 
the  price  rises  by  2l.  for  every  additional  six  pairs,  so  that 
the  60-pair  one  is  2'2l.  A  commutator  may  be  added 
to  any  of  these    instruments    at    the    expense    of   12s.  Qd. 
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These  machines  will  work  nearly  eight  hundred  hours  without 
being-  recharged,  and  do  not  require  any  further  attention 
in  the  intervals  except  putting  the  current  on  zero.  If  this 
be  done,  there  is  no  chemical  action,  and  consequently  no 
destruction  of  the  metals. 

Stohrer    has    likewise    constructed    a    chloride    of    silver 


Fig.  .58. — Gaiffe's  Large  Chloride  of  Silver  Biitterj'. 

battery,  which  consists  of  forty,  fifty,  or  sixty  pairs.  A  small 
quantity  of  chloride  of  silver  is  placed  on  the  bottom  of  a 
cylindrical  glass-tube  about  six  inches  high,  and  a  strip  of 
silver  is  made  to  touch  the  chloride  of  silver  when  the  glass  is 
raised.  A  cross  of  zinc  is  inserted  in  the  upper  portion  of  the 
tube,  at  a  distance  of  about  three  inches  from  the  chloride  of 
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silver.  The  battery  is  charged  with  diluted  sulphuric  acid, 
in  the  proportion  of  one  to  ten,  and  by  a  lifting  arrangement 
the  pair  may  be  brought  into  contact  with  the  fluid,  or 
withdrawn  from  it. 

Some  chloride  of  silver  must  have  been  decomposed  before 
the  battery  commences  to  act.  The  time  which  is  necessary 
for  this  varies  in  the  different  batteries  from  five  to  ten 
minutes.  The  action  may  be  accelerated  by  closing  the 
circuit  for  a  short  time  by  means  of  a  conjunctive  wire.  The 
battery  ceases  to  act  as  soon  as  the  chloride  of  silver  is  en- 
tirely reduced.  This  is  seen  by  bubbles  of  hydrogen,  which 
can  no  longer  combine  with  chlorine,  rising  in  the  acidulated 
water.  Such  a  phenomenon  does  not  always  occur  simul- 
taneously in  all  the  pairs,  but  generally  occurs  first  in  one 
and  then  in  another  pair  ;  but  wherever  it  is  seen  some  fresh 
chloride  must  be  added  at  once,  or  the  action  of  the  battery 
would  be  materially  interfered  with.  The  price  of  Stohrer's 
chloride  of  silver  battery  is  from  6^.  6s.  to  lOl.  10s.,  and  it 
may  be  procured  through  Messrs.  Krolme  and  Sesemann, 
of  Duke  Street,  Manchester  Square. 

The  chloride  of  silver  battery  may,  on  the  whole,  be  said 
to  be  still  on  its  trial.  We  have  no  intimate  practical  ac- 
quaintance extending  over  a  long  space  of  time  with  any  of 
the  arrangements  described  above.  A  drawback  to  Graiffe's 
old  chloride  of  silver  battery  was,  tliat  it  began  to  leak  after 
having  been  in  use  for  a  time  ;  but  this  has  now  been 
obviated  by  employing  a  smaller  quantity  of  liquid  than 
formerly. 

A  portable  battery,  which  for  its  good  qualities  has  during 
the  last  three  or  four  years  received  a  considerable  share  of 
popularity,  is  Foveaux's  modification  of  Smee's  (fig.  59). 
The  adjoined  diagram  shows  a  battery  consisting  of  fifty 
pairs  of  plates,  and  such  a  strength  is  sufficient  for  almost 
all    cases   which   present   themselves   in    practice.     Messrs. 
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Weiss,   however,  likewise  construct  batteries    containing  a 
lesser  number  of  pairs — viz.   twenty  or   tliirtv — wbicli  are 


Fig.  o9. — Foveaux's  Constant  Batteiy. 
strong  enough  for  cases  where  the  constant   current   is   used 

X  9. 
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about  the  neck  and  face.  Fig.  60  shows  the  plates  of  pla- 
tinised silver  and  zinc,  attached  to  a  board  and  dial,  for 
selecting-  the  power  to  be  used ;  and  Fig.  61  shows  the  tray 
containing  the  cells.  This  battery  is  charged  with  diluted 
sulphuric  acid,  in  the  proportion  of  one  to  twenty  or  thirty. 
At  the  commencement  of  its  action,  one  to  thirty  would  be 
sufficient ;  but  when  the  battery  has  been  used  for  some 
time,  and  by  the  electrolytic  effects  of  the  current  part  of 
the  sulphuric  acid  has  been  lost  through  sulphate  of 
zinc  having  been   formed,  the  action   may  again  be  consi- 


EiG.  60. — PLites  of  Foveaux's  Battery. 

derably  increased  by  adding  ten  or  twenty  minims  of  strong 
sulphuric  acid  to  the  liquid  contained  in  each  cell.  This  is 
a  simpler  mode  of  refreshiug  the  battery  than  to  empty  all 
the  liquid  out  and  to  put  in  an  entirely  new  charge. 

The  cells  containing  the  plates  are  made  either  of  vulcanite 
or  of  porcelain  ;  vulcanite  is  lighter,  but  porcelain  more 
durable.  A  vulcanite  measure  containing  a  sufficient  amount 
of  liquid  for  the  charge  of  one  cell  is  sent  out  with  the 
instrument,  n  and  p  are  the  negative  and  positive  poles, 
and  the  power  of  the  current  is  regulated  by  turning  the 
index  on  the  dial.  The  figures  opposite  to  each  stud  in  the 
dial  indicate  the  number  of  pairs  brought  into  action. 
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When  the  battery  has  once  been  charged,  simple  closing 
of  the  lid  puts  it  out'  of  action,  while  opening  the  lid  renews 
the  galvanic  effect.  This  is  done  by  keeping  the  plates 
suspended  in  the  case,  while  the  tray  containing  the  cells  is 
lifted  up  and  down  by  a  lever  arrangement.  In  order  to 
prevent  any  unnecessary  destruction  of  metals,  it  is  therefore 
enough  to  close  the  battery  and  put  it  away. 

Foveaux's  battery  furnishes  a  reliable  current,  but  is,  of 
course,  subject  to  polarisation,  and  therefore  diminishes  in 
activity  when  it  has  been  used  for  some  time.  When  the 
battery  is  not  freshly  charged,  the  current  sometimes  sensibly 


Fig.  61. — Tray  of  Foveaux's  Battery. 


diminishes  in  intensity  during  a  single  application  of  elec- 
tricity. In  order  to  obviate  the  inconvenience  attaching  to 
this,  we  recommend  those  who  are  in  the  habit  of  using  this 
instrument  to  close  the  lid  and  then  immediately  to  reopen 
it,  when  the  current  will  be  found  to  have  returned  to  its 
previous  power.  The  reason  for  this  is  a  simply  mechanical 
one :  by  taking  the  plates  out  of  the  liquid  and  then 
immersing  them  again,  the  bubbles  of  hydrogen  which  po- 
larise the  platinum  are  wiped  off,  and  polarisation  is  thus 
done  away  with  for   the  time  being.     If  such    opening   and 
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closing  of  the  lid  do  no  longer  answer  for  rendering  the 
strength  of  the  current  more  uniform,  a  fresh  charge  is  re- 
quired. Another  circumstance  showing  that  the  battery  is 
weak  is  that  the  metallic  ends  of  the  conducting  wires,  on 
being  held  together,  do  no  longer  cause  the  peculiar  hissing 
noise,  owing  to  a  copious  development  of  hydrogen,  which  is 
produced  when  they  are  connected  in  a  fresh  condition  of 
the  battery.  If  a  perceptible  hissing  sound  be  produced  in 
the  battery  without  the  circuit  being  closed  by  a  conjunctive 
arch,  the  zinc  requires  re-amalgamation. 

Foveaux's  battery  can  be  refreshed  by  its  possessor,  so  that 
it  is  not  necessary  to  return  it  to  the  manufacturer  for  that 
purpose,  unless  it  should  have  sustained  any  decided  injury. 
For  refreshing  the  battery,  we  have  to  unscrew  the  cover  of 
the  plateboard,  as  well  as  the  connexions  between  the  plates 
and  the  dial,  and  the  nuts  of  the  plates  themselves.  The 
zinc  plates  are  then  freshly  amalgamated  if  they  appear  to 
require  it,  and  care  must  be  taken  not  to  put  any  mercury 
on  the  platinised  silver-plates,  whereby  the  heterogeneity  of 
the  electromotors  would  be  destroyed.  After  the  superfluous 
mercury  has  drained  off,  the  parts  are  again  screwed  home 
in  the  order  in  which  they  were  removed. 

The  manufacturers  claim  for  this  battery  the  advantages 
of  simplicity,  portability  and  durability,  to  which  we  may 
add  that  of  solidity  of  construction.  Foveaux's  battery  will 
stand  a  good  deal  of  knocking  about  without  getting  hurt  by 
it.  We  have  taken  it  repeatedly  to  the  country,  and  not  given 
any  over-anxious  attention  to  it  during  its  passage  between 
ovu"  house  and  the  patient's  residence  (in  one  instance  over 
500  miles  with  sea-transit).  On  no  occasion  has  the  battery 
left  us  in  the  lurch,  but  was  on  arrival  always  found  in 
working  condition.  This  is  an  important  consideration,  as 
some  batteries  are  very  fragile,  and  keep  their  proprietors 
in  a  state  of  nervous  excitement  and  apprehension,  whenever 
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they    are  removed    from    the    familiar    cupboard, 
pairs  of  this  battery  cost  121.  12s. 
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Fifty 


Our  American  cousins  have  of  late  years  been  forward  to 
emulate  Em-opean  manufacturers  in  the  production   of  con- 
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stant  batteries.  Those  constructed  by  the  Galvano-Faradic 
Manufacturing-  Company  of  New  York  seem  to  be  very 
well  made.  Their  thirty-two  cell  machine  (Fig.  62)  is  a 
modification  of  Stohrer's,  consisting  of  tin  and  carbon  plates, 
and  having  an  arrangement  by  which  the  cells  containing 


Fig.  63. — Kidder's  thirty- cell  Eatlery. 


the  charge  may  be  raised  up  to,  or  lowered  from,  the  plates. 
The  commutator,  sledge,  and  other  arrangements,  are  the 
same  as  in  Stohrer's  batteries. 

Dr.  Jerome  Kidder's  batteries  (Figs.  63,  64,  and  Q5)  are, 
according  to  Dr.  Beard,  of  New  York,  who  has  used  them  ex- 
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tensively,  very  convenient  for  practice.  They  consist  of  carbon 
and  zinc  plates,  with  the  usual  charge.  Dr.  Kidder  uses, 
instead  of  Stohrer's  sledge,  what  he  calls  a  '  circular  current- 
selector'  for  increasing  and  diminishing  the  current  without 
interrupting  it.  It  is  much  of  the  same  construction  as 
Foveaux's  and  Mayer  and  Meltzer's  dial.  It  consists  of  a 
circle  with  a  vulcanite  base,  which  carries  small  brass  plates 
connected  with  the  different  cells  of  the  battery,  and 
separated  from  each  other  by  pieces  of  ivory.  The  ciicle 
carries  two  arms  resting  on  wheels,  and  revolving  on  a  pivot 
in  the  centre.     One  of  these  is  short,  and  the  other  long ; 
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Fig.  64.  Fig.  65. 

Kidder's  Small  Batteries. 

and,  according  as  the  long  or  the  short  arm  is  moved,  the 
current  is  increased  or  diminished,  without  or  with  inter- 
rupting it.  A  commutator  and  a  toothed  wheel  for  the 
interruption  of  the  current  are  added  to  the  battery. 

Fig.  63  shows  a  thirty-cell  battery,  which  appears  to  be 
amply  strong  for  the  ordinary  requirements  of  the  prac- 
titioner. Dr.  Kidder,  however,  likewise  constructs  twelve- 
and  twenty-cell  batteries,  which  are  sufficient  where  the 
continuous  current  is  used  about  the  head,  face,  and  neck. 
(Figs.  64  and  65.) 

FrommhokVs  apparatus  (Fig.  66),  consists  of  thirty-two 
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pairs  of  zinc  and  platinised  lead,  which  latter  is  substituted 
for  silver.  It  is  furnished  with  a  dial  and  galvanometer. 
By  means  of  a  peculiar  arrangement  it  is  possible  to  immerse 


Fig.  66. — FrommhoWs  Lead  and  Zinc  Battery. 

the  plates  more  or  less  deeply  into  the  exciting  liquid,  so 
that  not  only  intensity,  but  quantity  likewise,  may  be 
changed  during  the  application. 
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Thomseii's  apparatus  has  the  peculiarity  of  containing 
only  one  galvanic  pair,  but  which  is  made  to  furnish  a 
sufficient  amount  of  electricity,  by  utilising  the  principle  of 
polarisation.  The  pair  used  is  either  zinc  and  carbon,  or 
zinc  and  platinum,  charged  with  nitric  or  chromic  acid,  and 
must  readily  decompose  water.  The  battery  itself  consists 
of  two  open  boxes,  each  of  which  is,  by  means  of  twenty-six 
platinum  plates,  divided  into  twenty-five  cells,  so  that  one 
side  of  each  plate  belongs  to  one  cell,  and  the  other  to  the 
next  cell.  Now  it  is  well  known  that  if  two  platinum 
plates,  immersed  into  diluted  sulphuric  acid,  are  touched 
by  the  poles  of  a  galvanic  battery,  and  the  latter  is 
removed  while  the  two  plates  are  connected  by  means  of  a 
wire,  an  electric  current  is  generated  which  travels  in  a 
direction  opposite  to  that  of  the  battery.  The  plates  are, 
in  fact,  polarised  by  the  deposit  of  hydrogen  on  one  and 
of  oxygen  on  the  other.  Both  these  gases  being  in  the 
nascent  state,  they  quickly  combine  again'  to  form  water, 
and  the  electric  current  produced  by  their  appearance  has 
therefore  a  short  duration  ;  on  the  other  hand,  it  is  easy  in 
a  short  time  to  charge  by  polarisation  a  large  number 
of  plates,  so  that,  if  the  latter  are  combined  to  form  a 
battery,  a  current  of  high  tension  may  be  obtained,  the 
duration  of  which  is  prolonged  by  means  of  the  following 
contrivance : — A  flat  ring,  made  of  an  insulating  material, 
contains  as  many  pieces  of  metal  as  there  are  plates  in  the 
battery,  each  piece  being  connected  with  the  corresponding- 
plate  by  means  of  a  fine  silver  or  copper  wire.  The  ring- 
is  traversed  by  a  horizontal  axis,  furnished  at  the  top  with 
two  branches  insulated  from  one  another,  and  connected 
with  two  clamps  for  receiving  the  conducting  wires  of  the 
galvanic  battery.  The  two  branches  represent  the  poles  of 
the  pair,  and  carry  a  spring,  so  arranged  that  if  one  of  them 
touches  the  metal  pieces    of    the  ring,   the    other    spring 
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touches  the  next.  This  axis  may  be  turned  round  by  naeans 
of  a  weight,  or  clockwork,  or  a  hammer,  such  as  is  used  in 
induction  machines ;  and  in  this  manner  each  plate  is 
successively  charged  with  hydrogen  on  one  side  and  oxygen 
on  the  other.  One  turn  of  the  axis  therefore  charges  the 
whole  battery,  which  is  thus  always  ready  to  act.  The 
intensity  of  the  current  is  regulated  by  the  more  or  less 
intense  action  of  the  galvanic  pair,  and  this  is  regulated  by 


Fig.  67.— Becker-Muirliead's  Battery. 

interpolating  a  metallic  wire  of  different  lengths  into  the 
circuit,  so  as  to  increase  or  diminish  the  resistance  of  the 
pair  ad  libitum.  The  apparatus  is  expensive,  but  does  not 
require  any  subsequent  outlay,  and,  being  portable,  may  in 
time  come  to  be  extensively  used  for  out-door  practice. 

All  the  portable  batteries  which  we  have  hitherto  described 
are,  however,  much  inferior  in  therapeutical  virtues  to  that 
modification  of  Daniell's  battery,  which  is  in  England  known 
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as  Becker- Muirhead,  and  iu  Germany  as  Siemens-Meidinger. 
Scientifically  speaking,  this  is  the  only  really  constant 
battery  in  existence,  as  polarisation  has  been  reduced  in  it  to 
an  imperceptible  minimum.  Polarisation  is  avoided  by 
using  no  acid,  but  ordinary  water  for  the  zinc,  and  a  solution 
of  cupric  sulphate  for  the  copper.  The  chemical  changes 
therefore  which  must  always  go  on  in  the  battery  are  infi- 
nitely retarded,  and  no  perceptible  diminution  of  the  in- 
tensity of  the  current  occurs  for  weeks  and  months,  even  if 
the  instrument  be  freely  used. 

This  battery  (Fig.  67),  which  we  have  had  in  use  for  the 
last  ten  years,has  been  put  up  for  us  by  Mr.  Becker,  of  the  firm 
of  Elliott  brothers.  It  consists  of  ten  teak  boxes  superposed 
upon  each  other  in  two  rows,  as  shown  in  the  diagram,  and 
furnished  with  wires  so  as  to  enable  us  to  collect  the  current 
of  every  five  cells.  The  wires  are  carried  from  the  basement 
of  the  house  to  the  ground  floor,  and  joined  to  a  pole-board 
fixed  on  one  of  the  walls  of  the  consulting-room,  b  w 
(fig.  68,  p.  318)  are  the  battery  wires  which  are  insulated 
except  at  their  extremities,  which  are  soldered  to  a  silver 
plate  hidden  in  the  dials  d  d'.  The  dial  on  the  left-hand 
side  will  give  the  current  of  from  5  to  45,  and  that  on  the 
right,  the  current  of  from  50  to  100  cells,  c  w  are  the 
conducting  wires  connected  with  the  pole- studs,  n  p,  and 
furnished  at  their  other  ends  with  the  directors  d  ;  b'  w  is 
the  wire  connecting  the  circuit  of  the  batteiy  with  a  tangent 
galvanometer  G,  which  indicates  the  strength  of  the  battery 
current.  Under  ordinary  circumstances,  the  current  does 
not  pass  through  the  galvanometer,  but  it  may  be  made  to 
do  so  by  connecting  N  and  p  by  means  of  a  conducting  wire, 
and  unscrewing  the  knob  K,  whereupon  the  deflection  of  the 
needle  gives  us  an  indication  of  the  condition  of  the  battery 
which  is  out  of  sight.  The  ordinary  galvanometer  is  really 
not  much    more    than  a    galvanoscope,  while   the   tangent 
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galvanometer    gives    us    an    accurate    measurement    of  the 
current. 

We  have  already  seen  that  in  the  Becker-Muirhead 
battery,  polarisation  is  to  all  intents  and  purposes  reduced 
to  zero  ;  but  it  has  other  important  advantages.  It  is  ver}'^ 
easy  to  nurse  and  never  gets  out  of  order.  We  have  used  it 
almost  daily  for  the  last  ten  years,  and  have  never  on  any 


Fig.  68. — Pole-board  of  Becker-Muirhead's  Battery,  as  used  by  the  Author. 


occasion  been  disappointed  with  its  effects.  On  the  whole, 
it  is  best  to  have  the  apparatus  refreshed  once  a  month,  and 
this  can  be  easily  done  by  an  intelligent  mechanic  in  less 
than  an  liour.  The  plates  and  porous  vases  must  be  renewed 
once  in  every  three  or  four  years,  but  all  the  other  parts  of 
the  instrument  remain  permanently  useful. 

It  is  however  not  only  the  constancy,  the  ease  with  which 
the  apparatus  is  nursed,  and  its  conservative  qualities  gene- 
rally, which  must  recommend  the  use  of  this  instrument, 
but  there  are  several  other  considerations  which  are  some- 
what more  difficult  to  explain,  and  which  yet  go  far  towards 
establishing   its    absolute    superiorit}^    over    other    smaller 
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macliines.  The  current  produced  by  the  portable  battenes  is 
more  painful  than  th-at  produced  by  the  large  stationary 
battery.  Now  it  is  very  important,  in  the  treatment  of  most 
nervous  disorders,  to  avoid  giving  pain.  If  much  pain  be 
produced  by  the  application,  it  is  often  necessary  to  change 
the  places  where  the  electrodes  are  applied.  Moreover 
involuntary  muscular  contractions  will  occur  in  consequence, 
and  the  really  constant  flow  of  the  current  through  the 
organs  is  thus  impeded.  This  is  one  of  the  reasons  why  the 
therapeutical  results  obtained  with  the  large  battery  are 
better  than  those  obtained  with  the  smaller  instruments, 
more  especially  in  affections  of  th,e  nervous  centres,  and  in 
the  different  forms  of  neuralgia.  The  characteristic  feature 
of  Becker's  battery  is  the  large  surface  of  the  metals  com- 
posing it,  and  the  absence  of  acids.  Now  the  power  of 
decomposing  water,  and  the  magnetic  properties  of  the  two 
currents  produced  by  a  large  and  a  small  battery,  may  be  the 
same,  and  yet  there  is  a  difference  in  their  physiological  and 
therapeutical  effects.  The  same  electro-motive  force  which 
in  a  portable  battery  is  crammed  into  a  square  inch  has 
perhaps  the  space  of  10  or  20  square  inches  to  spread  over 
in  the  large  battery.  Again,  in  a  short  time  after  being  put 
in  action,  the  metals  of  the  portable  battery  become  irre- 
gular in  their  production  of  electricity,  and  local  currents 
are  formed  which  interfere  with  the  flow  of  the  principal 
current.  These  circumstances  serve  to  account,  at  least  to 
some  extent,  for  the  superiority  of  the  large  over  the  portable 
batteries.  It  is,  however,  more  the  province  of  the  physicist 
than  that  of  the  physician  to  analyse  the  minutiae  of  these 
matters.  As  practitioners,  we  have  simply  to  register  the 
fact  that  the  large  stationary  Becker-Muirhead  is  better  than 
all  the  portable  batteries  which  have  been  constructed.  It 
should  therefore  be  the  hospital  battery,  and  is  indispensable 
to  all  those  who  occupy  themselves  more  particularly  with 
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the  study  of  the  influence  of  electricity  upon  neurotic  con- 
ditions. 

Other  instruments. — The  most  essential  instruments 
besides  the  battery  are  the  conducting  wires  on  rheophores, 
and  the  electrodes  or  directors,  by  means  of  which  the 
current  is  conveyed  to  the  body. 

Conducting  wires  should  be  made  of  flexible  copper 
thread,  two  or  three  yards  long,  and  carefully  insulated  with 
silk  or  cotton,  or  some  similar  material.  I  always  employ 
differently  coloured  conducting  wires  for  the  two  poles,  in 
order  to  be  able  to  tell  at  once  the  direction  of  the  current, 
viz.  such  insulated  by  green  or  black  silk  for  the  negative, 
and  such  insulated  by  red  or  yellow  silk  for  the  positive 
pole.  This  saves  a  great  deal  of  trouble  in  case  of  the  wires 
becoming  entangled.  Flexible  india-rubber,  which  is 
frequently  used,  and  protects  the  wires  better  from  without, 
is  nevertheless  one  of  the  worst  substances  for  insulation,  as 
it  contains  a  small  amount  of  sulphuric  acid,  which  rapidly 
corrodes  the  metal,  even  if  the  wire  be  first  covered  with 
silk  or  cotton.  I  have  therefore  long  ago  given  up  the  use 
of  india-rubber  insulation,  as  being  most  deceptive  and 
leading  to  great  disappointment.  I  am  surprised  that 
Ziemssen,  in  the  last  edition  of  his  work,  should  speak 
favourably  of  this  material.  It  must  also  be  borne  in  mind 
that  conducting  wires,  however  well  they  may  have  been 
insulated  in  the  first  instance,  suffer  a  good  deal  from  wear 
and  tear,  and  should,  therefore,  from  time  to  time  be  replaced 
by  fresh  ones. 

The  electrodes  most  commonly  used  are  metallic  cups 
with  a  diameter  of  from  half  an  inch  to  three  inches,  fixed 
on  insulating  handles  of  wood,  and  furnished  with  a  screw 
or  clamp,  for  the  attachment  of  the  conducting  wires. 
These  cups  are  filled  with  sponge  moistened  with  warm 
water  or  salt  water.     The  sponge  should  project  completely 
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beyond  tlie  metal,  so  that  during-  the  application  the  metal 
does  not  touch  the  skin.  I  have  in  some  cases  found  it 
useful  to  have  two  sponge-cups  branched  off  from  one  stem, 


Fig.  69. — Cunductiiig  Wire,  with  Rod  and  damp. 

so  that  two  separate  points  may  receive  the  influence  of  one 
pole  at  the  same  time.     (Fig.  73,  p.  323.) 

Messrs.  Weiss  have  lately  constructed  for  me  some  very 
convenient  sponge-electrodes,  the  cups  and  stems  of  which 
are  made  of  vulcanite,  and  the  inside  of  which  is  furnished 
with  a  thick  wire  covered  with  platinum.  These  electrodes 
have  the  great  advantage  of  being  always  scrupulously  clean, 
which  is  not  the  case  where  brass  and  wood  are  employed. 

There  is,  as  a  rule,  little  difficulty  in  keeping  the  cathode 
of  an  ordinary  pair  of  electrodes  in  good  order,  since  hydrogen 
and  alkalies,  which  are  evolved  at  the  negative  pole  during 
the  transmission  of  the  current  to  the  human  body,  have  no 
corroding  action  upon  metals.  It  is,  however,  different  with 
the  anode,  which  is  rapidly  oxidised  and  chlorinated,  and 
therefore  soon  becomes  a  bad  conductor.  This  condition  of 
the  anode  is  a  frequent  cause  of  a  battery  not  yielding  a 
proper  current,  and  should  be  looked  to  before  the  com- 
mencement of  the  application.  The  sponges  which  are  used 
likewise  require  to  be  frequently  renewed,  especially  when 
they  assume  a  greenish-blue  colour,  showing  that  they  have 
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become    impregnated    with    a    solution    of    copper.      As 
platinum  is  not  attacked  in  the  way  in    which   brass   or 


Fig.  72 


Fig.  70, 
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copper  are,  Weiss's  electrodes  are  much  preferable  to   the 
old-fashioned  ones. 


Fig.  73.     Author's  Double  Electrode. 

It  is  useful  to  have  a  considerable  variety  of  electrodes,  in 
order  to  suit  the  various  cases  as  they  present  themselves. 
Stohrer's  charcoal  electrodes  are  chiefly  appropriate  when 
a  weak  battery  is  f^mployed  ;  but  they  must,  previous  to  the 
application,  be  covered  with  fine  sponge  or  chamois  leather, 
for  if  they  are  directed  to  the  skin  without  such  covering, 
they  severely  blister  it,  in  the  same  way  as  metals. 

ITnpolarisable  electrodes. — We  have  seen  that  by  applying 
metallic  electrodes  to  the  skin,  cauterisation,  with  its 
consecjuences,  is  produced,  more  especially  at  the  negative 
pole.  This  may  be  avoided  by  not  allowing  the  accumulation 
of  the  alkalies  which  are  set  free  at  the  cathode,  but  forcing 
them  back  into  the  electrode.  Hitzig,  ^  acting  upon  the 
suggestion  of  Eegnauld  and  Du  Bois-Eeymond  (p.  44),  has 
constructed  unpolarisable  electrodes  suitable  for  medical 
practice.     This  unpolarisable  electrode  consists  of  a  hollow 

»  Berlin  Klinische  Wochenschrift,  1867,  No.  39. 
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amalgamated  cylinder  of  zinc,  let  into  a  similar  piece  of 
vulcanite,  and  connected  at  its  lower  end  with  the  conducting 
wire  of  the  battery  by  means  of  a  clamp.     The  zinc  cylinder 


Fig.  74. 


Fig.  75. 


Fig.  76 


is  open  above,  and  may  receive  a  saturated  solution  of 
sulphate  of  zinc.  A  stopper  of  clay,  which  is  mixed  with  a 
solution  of  sulphate  of  zinc,  closes  the  cylinder ;  and  both 
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above  and  beneath  the  stopper  there  is  a  piece  of  lint  fixed 
to  the  vulcanite.     A  second  piece  of  vulcanite  is  superposed 


Fig.  77. 


Fig.  78. 


Fig.  79. 
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on  this,  and  filled,  in  its  upper  funnel-shaped  portion,  with 
Swedish  filtering-paper,  moistened  with  a.  weak  solution  of 
chloride  of  sodium  (1  or  2  in  100  parts  of  water).  This  is 
also  covered  with  lint,  and  fixed  on  an  india-rubber  ring. 
The  solution  of  sulphate  of  zinc  must  be  renewed  from  time 


Pig.  81.       Fig.  82.       Pig.  83. 


to  time.  We  may,  by  using  these  electrodes,  cause  a 
current  of  50  pairs  of  Daniell's  battery  to  act  on  the  skin  for 
twenty  minutes  and  longer,  without  producing  any  cauteri- 
sation. It  is,  however,  rarely  necessary  to  use  such  pro- 
longed applications  ;  and  in  many  cases  it  is  not  advisable  to 
eliminate  altogether  the  action  of  the  current  on  the  skin. 

The  Battery  at  fault. 

If  no  effect  can  be  obtained  from  the  battery,  the  fault 
must  be  either  in  the  battel^  itself,  or  in  the  conducting 
wires,  or  in  the  electrodes. 

Most  of  the  constant  batteries  which  have  just  been  de- 
scribed require  a  fresh    charge   only   every   two    or   three 
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months  ;  and  if  the  battery  has  therefore  been  charged  a  few 
weeks  before  use,  it  is  not  likely  that  the  fault  is  in  the  in- 
strument itself.  It  may  be  due  to  imperfect  connection  of 
the  several  pairs,  as  the  plates  or   wires  used  for  this  some- 


Fia.  84. 


■  Fig.  85 


Fig. 


times  get  rusty  or  displaced ;  and  where  this  is  discovered 
it  must  be  rectifiei.  In  summer  the  chemical  decomposition 
which  is  going  on  within  the  battery  is  more  active  than  in 
winter,  and  in  those  instruments  which  are  not  hermetically 
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closed  the  evaporation  of  water  is  sometimes  so  considerable 
that  batteries  which  may  contain  the  other  chemical  ingre- 
dients in  good  condition  may  yet  refuse  to  act,  unless  a  fresh 
supply  of  water  be  added  from  time  to  time. 

Another  cause  of  disappointment  may  be  a  bad  condition 
of  the  conducting  wires,  which  establish  the  connection  be- 
tween the  battery  and  the  electrodes.  Wear  and  tear  soon 
spoils  the  ends  of  these  wires,  which  often  conduct  imper- 
fectly when  their  central  portion  is  still  in  good  condition. 
This  may  be  found  out  by  touching  the  polestuds  of  the 
battery  with  the  moistened  fingers,  and  afterwards  connect- 
ing the  rod-ends  of  the  wires  with  the  polestuds,  and  again 
touching  the  hook-  or  clamp-ends  with  the  fingers.  If  the 
polestuds  give  a  shock  and  the  wire-ends  do  not  do  so,  the 
fault  is  in  the  latter,  and  they  must  be  repaired  or  re- 
placed. 

If  the  battery  and  the  conducting  wires  are  in  order,  and 
yet  no  action  is  perceptible,  the  fault  must  be  in  the  elec- 
trodes. Sometimes  there  is  insufficient  connection  between 
the  electrodes  and  the  hook-  or  clamp-ends  of  the  conducting 
wires,  and  this  should  be  carefully  rectified,  as  it  may  pro- 
duce sudden  interruptions  of  the  current  (voltaic  shocks) 
which  are  most  undesirable,  especially  when  the  current  is 
applied  to  the  face  and  neck. 

2.  Methods  of  Medical  Application  of  the  Continuous 
Galvanic  Current.— -Before  commencing  the  application  of 
galvanism  to  a  patient,  it  is  advisable  to  ascertain  whether 
the  battery  is  in  good  working  order  or  not,  more  especially 
when  it  is  new,  or  when  it  has  not  teen  used  for  some  time. 
This  may  be  done :  (a)  by  interposing  a  tangent  galvano- 
meter into  the  circuit,  when  the  deflection  of  the  needle  will 
tell  the  presence  and  power  of  the  current  which  traverses  it ; 
(I))  by  immersing  the  ends  of  the  conducting  wires  in  water, 
when  the  bubbling  up  of  hydrogen  gas  at  the  negative  pole, 
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and  the  blackening  of  the  wire  at  the  positive  pole,  will  give 
a  similar  indication  ;  (c)  by  electrolysing  a  solution  of  iodide 
of  potassium  and  starch,  when  a  blue  colour  will  be  produced 
at  the  positive  pole  ;  {d)  by  the  operator  applying  the  lowest 
degree  of  galvanic  power  which  he  has  at  his  disposal  to  his 
tongue,  and  the  highest  to  the  back  of  his  hand.  The  last 
test  is  not  only  the  readiest,  but  also  the  most  important,  as 
no  other  experiment  gives  a  better  hint  for  the  selection  of 
the  galvanic  power  to  be  used  in  cases  of  disease. 

Another  point  of  importance  is  that,  on  first  applying  the 
current  to  a  patient,  a  very  low  degree  of  power  should  be 
employed.  Patients  are  often  in  fear  of  'shocks,' and  nothing 
soothes  their  trepidation  more  than  the  perception  of  a  slight 
and  pleasant  sensation,  instead  of  a  severe  and  painful  one, 
which  they  had  been  expecting.  Moreover,  it  is  by  no  means 
necessary  for  therapeutical  success  to  employ  a  current  which 
is  so  strong  as  to  cause  distress. 

It  may  be  laid  down  as  a  general  principle  that  a  feeble 
current,  used  for  a  shcn^t  time,  produces  the  greatest  thera- 
peutical effect.  A  very  poiuerful  current  almost  aliuays 
does  harr^i  instead  of  good,  and  more  especially  so  when  it 
is  applied  for  a  considerable  length  of  time. 

A  question  which  has  been  chiefly  mooted  by  Brenner  and 
his  followers  is,  whether  the  effects  of  galvanisation  are  owing 
to  the  current  in  its  entirety,  or  whether  each  pole  has  a 
separate  effect,  and  whether  this  is  the  only  effect  that  is 
produced  ?  Brenner  takes  the  latter  view,  and  has  thereupon 
built  the  somewhat  shaky  structure  of  the  polar  m,ethod. 
Far  more  convincing  proofs  than  have  hitherto  been  brought 
forward,  will  be  necessary  to  convince  us  of  the  correctness 
of  Brenner's  views,  which  seem  to  us  to  be  physically  as  well 
as  physiologically  untenable. 

I  now  proceed  to   describe  the  mode  in  which  the  con- 
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tinuous  current  should  be  applied  to  the  different  organs  of 
the  body. 

a.  Galvanisation  of  the  Brain. — If  it  be  intended  to  send 
the  current  through  both  hemispheres,  three  different  modes 
of  application  may  be  used :  a,  one  electrode  is  directed  to 
the  forehead  and  another  to  the  occiput ;  6,  one  to  the  left 
and  one  to  the  right  temple  ;  and  c,  one  to  the  left  and  the 
other  to  the  right  mastoid  process.  If,  however,  only  one 
hemisphere  is  to  be  galvanised,  as  in  certain  cases  of  hemi- 
plegia, it  is  best  to  put  one  electrode  over  the  eyebrow  and 
the  other  to  or  near  the  mastoid  process  of  the  same  side. 
With  regard  to  the  direction  of  the  current,  Benedict  has 
recommended  to  place  the  anode  to  the  cervical  spine,  and 
the  cathode  to  the  right  or  left  side  of  the  forehead.  I  do 
not  think  that  this  direction  should  invariably  be  followed, 
since  I  have  found  that  it  had  better  be  determined  by  the 
sensation  experienced  by  the  patient.  If,  for  instance,  the 
patient  should  complain  of  a  feeling  of  fulness,  pain,  or 
weight  and  pressure  on  the  forehead,  it  is  advisable  to  apply 
the  anode  there  ;  but  if  such  sensations  are  experienced  at 
the  occiput,  the  cathode  in  front  is  preferable.  Where  the 
patient  does  not  complain  of  the  head,  that  direction 
should  be  chosen  which  appears  to  do  most  good. 

In  persons  who  are  very  sensitive  to  electricity,  I  have  not 
unfrequently  discovered  that  the  application  of  the  negative 
pole  to  any  part  of  the  head  or  face  did  harm,  by  producing 
irritation.  In  such  cases  I  use  the  positive  pole  alone  to  the 
head  or  nape  of  the  neck,  and  place  the  negative  at  some 
distant  part,  e.g.  to  the  palm  of  the  hand,  or  the  pit  of  the 
stomach.  This  application  is  easily  borne,  and  often  most 
effective.  A  current  of  more  considerable  power  should  in 
such  instances  be  used  than  where  both  poles  are  applied  to 
the  head,  as  the  palm  of  the  hand  and  the  skin  of  the  abdo- 
men are  but  poor  conductors  of  electricity. 
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Benedict  has  justly  laid  stress  upon  the  necessity  of  short 
applications  ('  never  more  than  half  a  minute ').  Meyer 
recommends  an  application  of  two  or  three  minutes'  dura- 
tion ;  but  this  is  for  some  cases  too  long.  I  am  in  the  habit 
of  employing  the  current  from  thirty  to  ninety  seconds  at  a 
time.  The  result  of  the  first  or  second  application  generally 
gives  the  clue  as  to  what  length  of  time  the  application 
should  last :  if  the  shortest  time  seems  to  answer,  it  is  not 
necessary  to  try  a  longer  one,  as  sometimes  the  benefit 
already  obtained  is  thereby  counterbalanced.  A  current  of 
from  ten  to  twenty  cells  of  Muirhead's  battery  is  all  that  is 
required.  That  application,  where  only  the  anode  is  at  the 
head  or  neck,  may  in  certain  cases  be  continued  for  five 
minutes  with  advantage. 

A  powerful  continuous  current  applied  to  the  brain  in  the 
way  just  described  may  produce  giddiness,  fulness  and  pain 
in  the  head,  sickness,  vomiting,  blindness,  and  attacks  of 
cerebral  hgemorrhage,  followed  by  general  convulsions  and 
paralysis.  The  same  symptoms  may  be  caused  by  the  too 
prolonged  application  of  a  feeble  current.     Sapienti  sat. 

M.  Cyon,^  the  able  teacher  of  physiology  at  the  University 
of  St.  Petersburg,  is  strongly  opposed  to  galvanisation  of  the 
brain,  thinking  that  the  cases  must  be  excessively  rare  in 
which  it  is  possible  to  diagnose  the  seat  of  any  disease  of  the 
brain  ;  that  even  where  this  could  be  made  out,  galvanic 
irritation  of  the  brain  could  hardly  be  of  any  advantage,  even 
in  a  small  proportion  of  those  excessively  rare  cases  ;  and  that 
in  the  infinitisimal  proportion  of  such  cases  where  any  advan- 
tage might  be  expected  from  it,  the  irritation  could  not  be 
localised  in  that  portion  of  the  brain  which  would  appear  to 
require  it.  These  reasons  appear  to  us  more  those  of  a 
physiologist  than  of  a  physician.    A  physician  who  has  clini- 

*  Principes  d'Electrotherapie.     Paris,  1873,  p.  192. 
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cally  and  pathologically  studied  neurotic  affections  in  a 
tolerably  large  number  of  cases,  will,  as  a  rule,  not  find  any 
insurmountable  difficulties  in  localising  cerebral  affections 
with,  a  great  degree  of  accuracy ;  while  a  physiologist  would 
no  doubt  be  entirely  baffled  under  such  circumstances. 
Cyon's  second  reason  appears  to  us  equally  inconclusive ; 
since  we  have  often  found  that  in  cases  of  cerebral  exhaustion 
owing  to  deficient  nutrition  of  the  brain,  and  also  in  paralysis 
and  impairment  of  speech  from  softening,  the  use  of  a  gentle 
current  guided  through  the  suffering  cerebral  substance  pro- 
duces excellent  results.  The  third  argument  advanced  by 
Cyon,  viz.  that  it  is  impossible  to  localise  the  current  in  that 
portion  of  the  brain  which  appears  to  require  it,  may  also  be 
easily  disposed  of.  Provided  a  gentle  current  he  used  for  a 
short  time,  the  flow  of  it  through  healthy  portions  of  the 
brain  does  not  do  any  harm,  while  it  may  do  a  great  deal  of 
good  to  those  diseased  parts,  the  nutrition  of  which  requires 
a  stimulant.  In  the  same  way,  a  dose  of  ammonia  and 
brandy  taken  by  a  healthy  man  will  not  influence  his  con- 
dition perceptibly,  while  it  may  save  the  life  of  a  patient 
sinking  from  collapse. 

Cyon  is  entirely  mistaken  in  supposing  that  a  feeble 
current  cannot  exert  the  least  action  upon  the  brain,  on  ac- 
count of  the  colossal  resistance  offered  by  its  substance  and 
the  cranial  bones.  We  have  seen  (p.  69)  that  the  brain  is 
easily  traversed  by  a  feeble  current  appKed  to  the  cranial 
bones,  and  clinical  experience  shows  that  an  '  excessively 
powerful '  current  is  not  only  dangerous,  but  utterly  unneces- 
sary. Cyon's  advice,  therefore,  '  to  desist  altogether  from 
a  direct  treatment  of  the  brain,'  lacks  not  only  a  physiological 
but  also  a  clinical  basis. 

b.  Galvanisation  of  the  Spinal  Cord. — That  the  cord  is 
easily  reached  by  the  continuous  current,  has  been  shown  in  a 
previous  chapter  (p.  72).     Where  it  is  intended  to  influence 
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the  whole  of  the  cord,  one  electrode  is  directed  to  the  upper, 
and  the  other  to  the  lower  portion  of  the  spine  ;  but  where 
there  are  decided  indications  that  a  particular  portion  of  it 
is  suffering,  while  other  parts  of  it  are  healthy,  the  current 
should  be  directed  to  the  former.  Where  one  or  several 
vertebras  are  painful  or  sensitive  to  pressure,  they  should  be 
brought  under  the  influence  of  the  anode.  Gralvanisation 
of  the  spinal  cord  is  generally  continued  for  five  minutes. 

It  is  best  to  regulate  the  intensity  of  the  current  by  the 
sensations  experienced  by  the  patient.  If  pain  be  caused, 
the  current  is  as  a  rule  too  strong ;  but  it  is  necessary  to 
produce  plainly  perceptible  feelings  of  pricking  and  heat. 
Some  patients  bear  only  ten  or  fifteen  cells,  while  in  others 
from  fifty  to  sixty  are  required.  If  it  is  found  that  a  gentle 
current  has  no  effect,  the  power  must  be  increased  ;  and  pro- 
vided the  seat  of  the  disease  is  not  in  the  cervical  spine,  this 
can  be  done  without  harm.  Certain  cases  of  ataxy  and 
amenorrhoea  resist  a  gentle  current,  but  yield  to  a  powerful 
application. 

Cyon  ^  is  of  opinion  that  a  gentle  current  is  under  any  cir- 
cumstances better  than  a  powerful  one  for  acting  on  the 
spinal  centre.  He  reasons  that,  as  the  conductivity  of 
osseous  matter  is  at  least  ten  times  less  than  that  of  the 
cord,  the  intensity  of  the  current  in  the  cord  must  be  ten 
times  greater  than  it  can  be  in  the  vertebrae ;  i.e.  that  the 
current  will  be  propagated  with  preference  in  the  cord,  where 
it  arrives  by  the  openings  between  the  apophyses,  inasmuch 
as  the  ligaments  which  close  these  openings  have  about 
the  same  conducting  power  as  the  cord  itself.  If  the  cord 
were  surrounded  by  a  better  conductor — for  instance,  mus- 
cular tissue — it  would,  according  to  the  same  physiologist,  be 
necessary  to  employ  a  very  high  galvanic  power  to  affect  the 

'  Lcc.  cit.  p.  197. 
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cord ;  for  the  greatest  portion  of  the  current  would  travel 
along-  the  better  conducting  tissue.  These  considerations 
are  wonderfully  ingenious,  but  not  particularly  practical ;  and 
they  are  not  corroborated  either  by  physiological  experiments 
or  by  clinical  experience.  It  is  quite  true  that  a  feeble  cur- 
rent applied  to  the  spine  will  enter  the  cord  ;  but  muscular 
tissue  does  in  no  way  prevent  the  action  of  the  current  upon 
the  deeper-lying  structures.  If  Cyon's  reasoning  were  cor- 
rect, the  bad  conductivity  of  the  skin  would  promote  the 
arrival  of  the  current  in  the  tissues  beneath  it.  It  is,  how- 
ever, an  incontestably-established  fact,  that  the  current 
arrives  more  easily  in  the  nerves  and  muscles  if  the  conduc- 
tivity of  the  skin  be  improved  by  moistening  it,  or  by  other 
means.  Cyon,  to  be  consistent,  should  therefore  recommend 
the  current  to  be  applied  to  the  spine  by  dry  conductors,  in 
order  to  get  a  larger  quantity  of  electricity  to  traverse  the 
cord  ;  yet  in  the  same  passage  of  his  book  he  recommends  to 
moisten  the  skin  ('  il  faut  aussi  bien  humecter  la  peau') ! 

The  chief  influence  of  the  current  applied  to  the  spine 
must,  in  consonance  with  anatomical  facts,  be  exerted  upon 
the  posterior  columns  and  nerve-roots ;  and  that  this  is  so  in 
reality  is  corroborated  by  clinical  experience,  which  shows 
that  diseases  of  the  posterior  columns  of  the  cord  are  more 
beneficially  influenced  by  galvanisation  than  those  of  the  an- 
terior columns.  Portions  of  the  current,  however,  unques- 
tionably reach  the  anterior  columns  as  well ;  moreover  it  is 
well  known  that  the  posterior  roots  have  a  considerable 
influence  upon  the  nutrition  of  the  anterior  ones ;  so  that 
anything  that  acts  on  the  former,  must  also,  to  some  extent, 
act  on  the  latter. 

Cyon  recommends  that  galvanisation  of  the  spine  should  be 
continued  for  from  ten  to  twenty  minutes  at  a  time  ;  but  in 
the  majority  of  cases  five  minutes  will  be  ample.  If  Cyon's 
recommendation  were  ever  acted  upon  in  practice,  it  would 


CHAP.  HI.  GALVANISATION  3a5 

be  necessary  to  employ  unpolarisable  electrodes,  as  otherwise 
the  skin  would  soon  be  in  such  a  condition  as  to  render 
further  applications  impossible.  In  using  unpolarisable 
electrodes,  however,  an  important  element  in  the  action  of 
the  current  is  eliminated,  and  the  therapeutical  results  would 
therefore  be  less  satisfactory  than  they  might  be  otherwise. 

Dr.  Wilks  ^  has,  in  a  lecture  recently  delivered  to  the  stu- 
dents of  Gruy's  Hospital,  made  some  very  singular  statements 
concerning  the  subject  now  under  consideration.  He  says 
that  the  simple  transmission  of  the  current  along  the  spine 
produces  apparently  no  result ;  that  it  has  yet  to  be  dis- 
covered that  a  current  flowing  continuously  through  any  part 
of  the  body  has  any  effect  either  on  the  muscular  or  the  ner- 
vous system ;  but  that,  as  often  as  the  circuit  is  opened  or 
closed,  one  pole  being  on  the  upper  part  of  the  spine,  and 
the  other  on  the  lower  dorsal  region,  a  sensation  is  experi- 
enced. Sucli  statements  would  not  deserve  to  be  mentioned 
if  they  emanated  from  a  less  eminent  teacher  than  Dr.  Wilks. 
Suffice  it  to  say  that  '  forsanque  bonus  dormitat  Homerus.' 

3.  Galvanisation  of  the  Cervical  Sympathetic  Nerve. — 
The  different  methods  of  galvanising  the  cervical  sympatlietic 
have  already  been  described  (p.  166).  It  has  also  been 
shown  that  a  localised  application  of  the  continuous  current 
to  the  cervical  sympathetic  in  the  living  subject  is  impos- 
sible. Nevertheless  the  proceedings  known  as  '  galvanisation 
of  the  sympathetic '  are  of  considerable  practical  value  ;  and 
it  has  been  experimentally  proved  that  that  nerve  is  reached 
by  the  current,  if  the  latter  be  applied  in  the  manner  de- 
scribed. We  have  therefore  now  to  consider  how  far  these 
proceedings  may  be  therapeutically  utilised. 

The  cervical  sympathetic  does  not  contain  all  the  vaso- 
motor nerves  of   the  whole  body,    but  only  animates  the 

•  British  Medical  Journal,  January  1873,  p.  29. 
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territory  cf  the  carotid  artery,  so  that,  by  galvanising  it,  we 
can  only  influence  the  circulation  in  the  ear,  the  eye,  the 
face,  and  certain  portions  of  the  brain.  It  would  therefore 
be  foolish  to  expect,  from  isolated  galvanisation  of  the 
sympathetic,  any  effect  upon  the  nutrition  of  the  upper  or 
lower  extremities.  But  we  have  already  seen  that  by  galva- 
nisation of  the  cervical  sympathetic,  the  depressor  nerve  and 
the  spinal  cord  are  also  brought  under  the  influence  of  the 
current.  Irritation  of  the  depressor  nerve,  according  to 
Cyon,  paralyses  all  vaso-motor  nerves  of  the  body,  and  may 
therefore  cause  any  vascular  spasm  depending  upon  the 
sympathetic  to  disappear.  This  goes  far  to  explain  the 
unquestionable  results  which  have  been  obtained  in  certain 
cases  of  wasting  palsy,  and  other  affections  of  the  upper  and 
lower  extremities,  by  the  proceeding  known  as  '  galvanisation 
of  the  sympathetic' 

Cyon^  expresses  himself  as  follows  concerning  what  we 
may  expect  from  galvanisation  of  the  cervical  sympathetic 
alone  : — '  If  we  excite  this  nerve  alone,  we  may  cause  a 
contraction  in  the  small  vessels  of  the  head,  and  augmenta- 
tion of  pressure  in  the  large  vessels.  This  modification  of 
the  blood-vessels  may  be  useful  in  so  far  as  it  may  promote 
the  absorption  of  effused  liquids,  and  prevent  further 
effusions.  If  we  only  use  the  polarising  (electrotonic)  effects 
of  the  constant  current,  we  may  increase  or  diminish  the 
tonicity  of  the  cerebral  blood- vessels,  and  thus  produce  a  modi- 
fication of  the  pressure  of  blood  in  the  brain.  It  is  possible 
that  this  modification  may  in  turn  exert  a  salutary  influence, 
either  by  determining  the  arrival  of  a  larger  quantity  of 
nutritive  material,  or  by  suppressing  vascular  spasm,  or 
removing  thrombuses  in  cases  of  embolism,  and  thus  easing 
the  circulation.  The  effects  produced  on  the  brain  may 
evidently  cause  other  effects  in  other  parts  of  the  body.' 

'  Loc.  cit.  p.  206. 
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For  galvanising  the  vaso-rnotor  nerves  of  the  upper 
extremity  without  acting  at  the  same  time  on  its  sentient 
and  motor  nerves,  the  same  observer  recommends  to  place 
one  electrode  at  the  point  of  juncture  of  the  second  rib  and 
the  second  dorsal  vertebra,  and  the  other  at  the  point  of 
emergence  of  the  seventh  dorsal  nerve-root ;  since  the  vaso- 
motor nerves  for  the  upper  extremity  leave  the  spinal  cord 
with  the  third  and  seventh  dorsal  roots,  and  proceed  to  the 
brachial  plexus,  traversing  on  their  way  the  dorsal  sym- 
pathetic and  the  first  dorsal  ganglion.  But  where  it  is  not 
intended  to  act  exclusively  on  the  vaso-motor  nerves  of  the 
upper  extremity,  one  electrode  may  be  placed  to  the  point 
corresponding  to  the  dorsal  sympathetic,  and  the  other  to 
the  axilla.  The  patient  should  at  the  same  time  be  directed 
to  hold  that  extremity  which  is  to  be  treated  on  the  other 
shoulder,  as  thereby  the  shoulder-blade  is  displaced  on  the 
thorax,  and  it  is  easier  to  act  on  the  lateral  columns. 

For  localising  the  galvanic  current  in  the  vaso-motor 
nerves  of  the  lower  extremity,  Cyon  recommends  to  place 
one  electrode  in  the  region  of  the  inferior  dorsal  apophyses, 
and  the  other  on  the  lumbar  apophyses,  or  where  the  sciatie 
nerve  emerges  from  the  pelvis.  He  advises  the  application 
to  be  continued  for  from  ten  to  twenty  minutesi.  The 
remarks  made  previously  on  this  subject  under  the  heading 
of  '  Galvanisation  of  the  Spine '  apply  here  likewise. 

Certain  precautions  ought  to  be  taken  in  using  the 
proceeding  known  as  galvanisation  of  the  cervical  sym- 
pathetic. It  is  necessary,  in  the  first  instance,  to  use  a,  very 
gentle  current ;  and,  secondly,  to  cause  the  opening  of  the 
circuit  not  suddenly,  but  gradually.  If  we  open  it  rapidly, 
a  disagreeable  sensation  of  giddiness  is  caused,  which 
frightens  the  patient,  although  I  have  never  known  it  to  do 
any  actual  harm.  This  can  be  avoided  either  by  drawing  one 
^conductor  very  gently  and  slowly  across  the  neck,  away  fronr 
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the  stylomastoid  fossa  ;  or,  better  still,  by  gradually  diminish- 
ing the  galvanic  power  which  is  being  used,  in  the  metallic 
circuit.  If  giddiness  should  be  caused  in  spite  of  these 
precautions,  and  be  accompanied  with  tinnitus  aurium,  the 
application  has  been  either  too  long  or  too  strong. 

Diplegic  Contractions. — This  term  has  been  proposed  by 
Remak^  for  designating  certain  reflex  contractions  which  he 
observed    on     using    the   continuous    current   in   ca;ses  of 
progressive    muscular    atrophy   and   rheumatic   gout,   and 
which  are,  according  to  him,  caused  by  the  action  of  the 
current  on  the  sympathetic.     Eemak  found  that  the  two 
points  from  which  these  contraeticms  are  most  easily  elicited 
are  the  auriculo-maxillary  fossa  of  the  opposite  side,  cor- 
responding to  the  ganglion  cervicale  superius,  which  should 
be  under  the  influence  of  the  anode  having  a  small  surface, 
the  sixth  cervical  vertebra  of  the  same  side  "being  at  the 
same  time  under  the  influence  of  the  cathode,  with  a  large 
surface.     Sometimes  the  second  point  is  lower  down  on  the 
spine  than  the  sixth    cervical    verte"bra ;    and   Eemak   has 
therefore  distinguished  several  zones,  viz.  the  cervical  zone^ 
wliich  is  the  spine  above  the  fifth   cervical  vertebra;   the 
u]^per  dorsal  zone,  which  goes  from  the  fifth  cervical  to  the 
;sixth  dorsal  vertebra ;  and  the  lower  dorsal  zone,  from  the 
sixth  dorsal  ver'tebra  downwards  to  the  sa^ruih,  or  even  to 
the  lower  extremity.     According  to  the  same  observer  these 
cohtractions  are  more  easily,  produced  in  recent  cases  than 
in  isuch  of  long  standing. 
.Fieber?  agrees  with  Eemak  in  almost  every  particular, 
except  in   so  far  as  he.  obtained  diplegic  contractions,  not 
only  with  the  continuous,  but  also  with  the  indticed  current,  in 
progressive  muscular  atrophy,  rheumatic  paralysis,  lead  palsy, 
and    cerebral    and    spinal  pairalysISi  .  They  may  continue 

'  De  I'application,  etc.  p.  27. 
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beyond  the  time  of  the  application,  and  rBsemble .  choreic 
moveinents.  ,  .'    .  ;    .• 

Meyer  ^  has  observed  diplegia  contractions  in  an  anaemic 
girl,  with  paralysis  and  atrophy  of  the  upper  extremities,  in 
consequence  of  chronic  arsenical  poisoning ;  and  found  that 
they  could  be  produced  not  only  by  placing  the  directors  to 
the  points  indicated  by  J^emak,  but  also  by  putting  them  to 
the  right  or  left  side  of  the  spine,  or  one  to  the  pit  of  the 
stomach  and .  the  other',  to  the  dorsal  spine.  It  therefore 
appears  that  for  causing  these  contractions  the  current  need 
not  act  on  the  ganglion  cervicale  superius. 
■  According  to  Benedict,^  these  contractions  appeal-  chiefly 
where  there  is  increased  reflex  excitability  throughout  thd 
system,  and  where  the  sympathetic  is  sensitive  to  pressure. 
This  agrees  with  my  experience,  for  I  have  observed  them 
chiefly  in  hysterical  patients,  and  have  found  that  they  could 
not  be  produced  when  reflex  excitability  had  been  diminished: 
by  treatment^  as,  for  instance,  after  a  com'se  of  bromide  of 
potassium.  -  .' 

d.  Galvanisation  of  the  Pneuniogastric  Nerve,  maij  be 
resorted  to  in  cases  of  asthma,  spasmodic  diabetes,  and  certain 
afi'ections  of  the  heart,  and  is  so  performed  that  the  cathode 
is  placed  near  the  angle^of  the  lower  jaw  on  the  carotid 
artery,  and  the  anode  to- the  manubrium  sterni,  on.the  iuner 
edge  of  the  sterho-mastoid  muscle.  The'  application  should 
as  a  rule  not  exceed  two  minutes  at  a  time.  ^  "[  .  .  .  '; 
■■  e.  GMvanisation.  of .  the  Roots  of  the .  Spinal  Nerves M^s. 
been  strongly  recommended  by  Benedict,  and  is  carried  Dufe 
so  that  the  positive:  el.e6trode  is  placed  to -the  top  of  that 
portion  of  the  spinal  cord  .which  is  diseased,  while  th el  negas 
tiye  is  slowly  passed^thirty  .or  liorty  tr!aamiIdQSa]2,tiDe'pSide&,of 
the;  vertebral. coiunin.'  j  :The  power  QEtheccurErat i;shduM.be 

;■-  '   Loc.  fcit.  p.  157.  "j:   r; 'Vj    £'' '^^-.    ..T.^^Si-OL^ilSt-iLfii  69vl  !.  ILJ  ,1; 
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proportional  to  the  sensibility  of  the  patient  and  the  result 
of  each  application.  Where  a  neuralgic  affection  of  the  leg 
is  believed  to  be  caused  by  a  lesion  of  the  corresponding 
spinal  roots,  the  anode  is  placed  to  the  first  lumbar  vertebra, 
and  the  cathode  passed  down  at  the  side  of  the  spinous  pro- 
cesses of  the  lumbar  vertebrae  and  the  sacrum. 

f.  Galvanisation  of  the  Motor  Nerves  and  Muscles. — For 
galvanising  the  motor  nerves  and  muscles  various  methods 
are  used.  In  some  cases  the  cord  is  included  in,  while  in 
others  it  is  excluded  from,  the  circuit.  Where  the  cord  is 
excluded,  the  anode  is  directed  to  a  point  of  the  skin  where 
a  nerve-trunk  is  easily  accessible,  and  the  cathode  is  applied 
to  a  more  peripheral  part.  If  it  be  intended  to  include  the 
cord,  the  positive  pole  may  be  placed  to  the  lumbar,  dorsal, 
or  cervical  spine.  Other  things  being  equal,  the  effect  is 
greater  the  nearer  the  part  of  the  cord  which  is  acted  upon 
is  to  the  medulla  oblongata.  It  is  commonly  observed  in 
cases  of  paralysis  and  ansesthesia  of  the  lower  extremities, 
that  a  peripheral  application  from  nerve  to  muscle  produces 
no  contraction  or  sensation,  even  if  a  powerful  current  is 
used ;  that  a  slight  effect  is  caused  by  including  the  lumbar 
portion  of  the  cord,  while  decided  muscular  contractions  and 
sensations  ensue  when  the  positive  pole  is  directed  to  the 
cervical  spine,  more  especially  to  the  seventh  cervical 
vertebra.  The  peripheral  application  should  be  used  where 
the  seat  of  the  affection  is  peripheral ;  while  in  central 
affections  a  central  as  well  as  a  peripheral  application  may  be 
employed. 

The  directors  are  either  held  fixed  on  the  skin,  or  they  are 
moved  about.  The  former  method  was  by  Eemak  called 
'  stabile,^  and  the  latter  '  labile '  application.  In  the  present 
work  these  two  proceedings  are  termed  '  continuative '  and 
'  interrmttent '  application.  Details  on  this  subject  will  be 
found  in  the  fifth  chapter,  while  the  anatomical  relations  of 
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the  motor  nerves  will  be  mentioned  under  the  heading  of 
'  Faradisation.' 

If  the  current  is  not  felt,  as  may  be  the  case  on  the 
extremities,  when  sensibility  is  very  sluggish,  it  is  advisable 
to  use  a  concentrated  solution  of  salt  instead  of  ordinary  water 
for  moistening  the  electrodes,  and  where  even  that  should 
not  be  sufficient,  the  limb  should  be  rubbed  with  the  flesh- 
brush  or  glove  previous  to  the  application.  In  a  case  of 
hemiplegia  owing  to  softening,  and  complicated  with 
elephantiasis  of  the  paralysed  leg,  which  I  saw  in  consulta- 
tion with  Dr.  Deakin,  of  Dromana,  the  current  of  fifty  cells 
of  Smee's  battery  was  not  perceived  on  the  affected  leg  ;  while 
after  the  use  of  the  flesh -brush,  twenty  cells  were  all  the  patient 
could  comfortably  bear.  Blistering,  which  was  formerly 
much  in  vogue,  will  therefore  probably  never  be  required. 

g.  Galvanisation  of  the  Olfactory  Nerve  is  so  performed 
that  an  insulated  sound  carrying  a  conducting  wire  in  its 
central  canal,  and  having  a  free  metallic  end  at  either  side 
(Fig.  79,  p.  325)  is  introduced  into  the  nasal  cavity.  The 
near  end  is  then  connected  with  the  conducting  wire  of  the 
negative  pole,  while  the  far  end  touches  the  ramifications  of 
the  first  cerebral  nerve.  The  circuit  is  closed  by  putting  the 
moistened  anode  to  the  cheek.  I  have  used  this  proceeding 
in  some  cases  of  anosmia  with  good  results,  and  have  gene- 
rally let  the  current  act  for  five  minutes  at  a  time.  The 
power  employed  should  be  very  low,  as  otherwise  the  optic 
nerve  might  be  unpleasantly  affected. 

h.  Galvanisation  of  the  Optic  Nerve. — The  optic  nerve 
may  be  galvanised  from  any  part  of  the  face  or  neck.  If  a 
mucous  membrane — for  instance,  that  of  the  tongue — be 
touched  by  one  of  the  electrodes,  the  current  is  more  easily 
transmitted  to  the  nerve  than  when  both  directors  touch  the 
skin.  In  the  majority  of  cases  of  amaurosis  and  weakness  of 
sight,   owing  to  insufficient  nutrition  of   the   optic   nerve, 
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which  1  have  galvanically  treated,  it  has  appeared  to  me  that 
the  best  method  was  to  put  the  anode  on  the  closed  eye,  arid 
the  cathode  to.  the  palm  of  the  hand,'  for  abotit  three  minutes, 
and  then  to  reverse  the  position  of  the  electrodes  and  pro- 
long the  action  for  three  minutes  more,  so  as  to  put  the 
nerve  alternately  into  the  condition  of  anelectrotonus  and 
eatelectrotonus. 

i.  Galvanisation  of  the  Gustatofy  and  Glossopharyngeal 
Nerves  is  appropriate  in  cases  of  loss  of  taste,  and  is  carried 
out  either  by  putting  two  metallic  electrodes  on  the  tongue 
itself,  or  by  directing  the  current  to  the  nerves  mentioned, 
by  pressing  two  ordinary  moistened  electrodes  beneath  the 
lower  jaw. 

j.  Galvanisation  of  the  Auditory  Nerve. — In  cases  of 
nervous  deafness  and  tinnitus  aurium  the  application  of  the 
continuous  current  to  the  auditory  nerve  may  be  useful.  The 
patient  may  be  placed  in  the  recumbent  position,  and  have 
the  external  meatus  filled  with  warm  water,  after  which  an 
insulated  sound,  with  a  metallic  knob,  connected  with  one  of 
the  poles  of  the  apparatus,  is  held  into  the  water,  while  an 
ordinary  moistened  electrode  is  placed  in  the  neighbourhood. 
From  ten  to  fifteen  cells  are  generally  suflBcient,  and  voltaic 
a.lternatives  often  prove  useful.  The  application  may  be 
intermittent  or  continuative,  and  should  last  two  or  three 
minutes  at  a  time. 

'  Another  and  readier  way  is  to  place  a  moistened  sponge, 
connected  with  one  of  the  conducting  wires,  into  the  ear,  and 
an  ordinary  moistened  electrode  into  the  hand.  Stohrer  has 
constructed  a  special  ear-speculum  electrode  (Fig.  85,  p.  327), 
which  consists  of  a  wooden  handle  traversed  by  a  stout  brass- 
wire,  which  projects  at  both  ends  of  the  handle.  At  the  near 
end  of  the  wire  the  conducting  wire  is  fastened,  while  the  far 
end  carries  an  ear-speculum 'made  of  ivory,  and  carrying  inside 
a  strip  of  metal  connected  with  the  wire.     A  small  piece  of 
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moistened  sponge  is  tlien  drawn  through  the  opening  of  the 
speculum,  and  made  to  convey  the  current  to  the  membrana 
tympani,  the  other  electrode  being  either  in  the  hand  or  at 
the  nape  of  the  neck. 

k.  Galvanisation  of  the  ReGtuni. — In  cer- 
tain cases  of  intestinal  atony,  especially  where 
there  is  metebrism  and  tympanites,  the  con- 
tinuous current  often  produces  bracing  effects 
superior  to  those  of  any  other  remedy.  In 
such  cases  a  rectal  conductor  is  introduced 
into  the  rectum  for  a  distance  of  four  to  six 
inches,  the  circuit  being  closed  by  the  appli^ 
cation  of  an  ordinary  moistened  electrode  to 
the  abdominal  parietes. 

1.  Galvanisation  of  the  Urethra. — In  cases 
of  spermatorrhoea,  and  in  chronic  inflammation 
of  the  prostate,  the  application  of  the  continu- 
ous current  to  the  prostatic  portion  of  the 
urethra  is  often  followed  by  excellent  results. 
The  same  proceeding  has  also  been  used  for  the 
cure  of  stricture  of  the  urethra.  The  negative 
pole  alone  should  act  upon  the  urethra,  and 
the  circuit  be  closed  by  placing  a  moistened 
sponge  connected  with  the  positive  pole  to  the 
groin. 

m.  Galvano-jpuncture. — As  a  rule,  galvano- 
puncture  is  rarely  used  in  the  treatment  of  any 
but  surgical  diseases,  the  reason  for  this  being 
that  it  is  more  painful  than  the  ordinary 
application  of  moistened  sponge-conductors  to 
the  uninjured  skin.  In  obstinate  cases,  however,  especially 
of  pain,  galvano-puncture  produces  decided  effects  after  the 
percutaneous  application  has  failed.  The  mode  of  proceeding 
will  be  described  under  the  heading  of  '  Electrolysis.' 


Fig.  87. 
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Central  Galvanisation. — Dr.  Beard  '  has  lately  proposed  a 
method  which  he  calls  central  galvanisation.  He  recom- 
mends that  the  negative  pole  be  applied  to  the  epigastrium 
(the  patient  holding  it  by  an  insulated  electrode),  while  the 
positive  is  applied  over  the  head,  around  the  sympathetic, 
and  down  the  whole  length  of  the  spine,  in  such  a  way  as  to 
brihg^the  brain,  the  pneumogastric,  the  spinal  cord,  and  all 
the  prominent  plexuses  of  the  sympathetic — indeed,  the  whole 
central  nervous  system — under  the  influence  of  the  current. 
He  came  to  use  this  method,  partly  because  he  was  dissatis- 
fied with  the  results  obtained  by  other  methods,  and  partly 
because  he  found  it  difficult  in  many  cases  to  determine 
the  precise  seat  of  the  disease,  and  consequently  did  not 
know  where  the  current  should  be  localised. 

The  negative  pole  should  be  placed  on  the  pit  of  the 
stomach,  because  it  is  well  borne  there,  and  because  the  de- 
scending current  seems  to  act  better  in  most  cases  than  the 
ascending.  The  positive  pole  is  less  acutely  felt  than  the 
negative,  and  is  less  irritating,  and  he  thinks  it  not  unlikely 
that  this  fact  may  explain  the  more  satisfactory  results  of 
the  descending  current  in  central  galvanisation. 

Dr.  Beard  does  not  always  make  the  applications  all  over 
the  head,  but  sometimes  merely  on  the  forehead,  gently 
passing  the  electrode  from  one  side  to  the  other ;  then 
'  baptises  '  the  patient  on  the  cranial  centre,  at  the  top  of  the 
head,  and  rests  the  pole  there  for  about  one  minute,  and 
sometimes  longer.  To  the  head  he  applies  from  two  to  six 
or  eight  cells,  beginning  with  a  weak  current,  and  gradually 
increasing  until  an  acid  or  metallic  taste  is  perceived  in  the 
mouth.  He  regards  the  cranial  centre  as  the  most  important 
region  of  the  head  in  all  electrical  applications,  and  especially 
in  central  galvanisation.    '  A  current  passing  from  that  point 
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to  the  epigastrium,  traverses  the  centre  of  life— if  life  has 
any  centre — and  affects  the  sympathetic  and  the  roots  of  the 
facial  nerves.'  The  sensation  produced  by  this  application 
is  different  from  that  of  any  other  application  to  the  head. 
The  brain  requires  only  about  one  or  two  minutes  galvanisa- 
tion, and  care  should  be  taken  to  avoid  sudden  interruptions 
of  the  current. 

The  electrode  is  then  passed  down  the  inner  border  of  the 
sterno-cleido-mastoid  muscle,  from  the  auriculo-maxillary 
fossa  to  the  clavicle,  for  the  purpose  of  affecting  the  pneu- 
mogastric  and  sympathetic.  He  usually  makes  the  applica- 
tion on  both  sides,  and  from  one  to  five  minutes. 


Fig.  88.— Urethral  Electrode. 

'  In  galvanising  the  spine,  especial  attention  is  given  to  the 
cilio-spinal  centre,  below  the  first  and  seventh  cervical 
vertebrae.  The  electrode  should  also  be  passed  the  entire 
length  of  the  cord  by  labile  applications  up  and  down.  The 
back  is  not  usually  sensitive,  and  a  strong  current,  from  ten 
to  thirty  cells,  can  be  borne  without  discomfort.  The  back 
may  be  treated  from  three  to  six  minutes,  and  the  whole 
length  of  the  seance  of  central  galvanisation  ranges  from 
five  to  fifteen  minutes. 

*  All  the  preparation  a  male  patient  requires  for  central 
galvanisation  is  to  unbutton  the  collar,  remove  the  coat  and 
vest,  and  slip  off  the  whole  clothing,  so  that  free  access  can 
be  had  to  the  spine.  A  female  patient  may  remove  her 
corsets  and  slip  up  her  under-clothing,  or  merely  loosen  the 
clothing  at  th,e  neck  and  waist,  so  as  to  make  room  for  an 
electrode  to  be  passed  down  to  the  epigastrium,  and  for  a 
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spinal  electrode  to  be  passed  up  and  down  the  ISack.  For 
the  negative  electrode  at  tlie  pit  of  the-  stomaeh  any  electrode 
with  a  broad  surface  and  an  insulated  handle  will  answer. 
For  the  positive  pole,,,  he  prefers  his  adjustable  electrodes, 
of  different  sizes.  These  can  be  passed  under  the  clothing 
with  great  ease,  and  may  be  provided  with  flannel  covers, 
that  may  be  washed  as  often  as  necessary.' 

Dr.  Beard  thinks  central  galvanisation  chiefly  suited  for 
nervous  affections,  where,  in  spite  of  nervous  exhaustion  or 
perturbation,  the  muscular  strength  and  the  general  nutrition 
are  not  much  impaired  ;  while  he  would  reserve  his  proceed- 
ing of  general  Faradisation,  which, will  be  presently  described, 
for  those  cases  where  nervous  aflectjons  are  accompanied  by 
loss  of  body  weight,  and  by  muscular  flabbiness  and  feeble- 
ness. 

I  have  never  carried  out  Dr.  Beard's  method  in  its  entirety, 
partly  because  I  have  not  been  so  dissatisfled  with  the  results 
of  the  methods  previously  described,  and  partly  because  I 
have  not  so  frequently  felt  uncertain  about  the  nature  and 
seat  of  the  disease  which  I  was  treating.  But  I  have,  years 
ago,  used  experimentally  applications  to  the  head  and  neck 
with  the  anode,  and  to  the  epigastrium  with  the  cathode. 
In  several  of  the  cases  thus  treated  I  found  that  disagreeable 
cerebral  symptoms  were  produced  by  it  during  the  applica- 
tion, and  which  sometimes  continued  for  twenty-four  hours 
or  more  afterwards.  The  patients  had  a  general  sensation  of 
malaise  and  nervousness,  headache,  and  a  feeling  of  giddiness 
and  confusion.  This  appeared  to  me  most  striking,  when 
the  head  and  the  mastoid  fossa  were  acted  upon,  and  less 
so  when  the  cervical  spine  alone  was  under  the  influence  of 
the  anode.  I  have  therefore  given  up  the  application  of  the 
anode  to  the  head  or  the  mastoid  fossa,  and  of  the  cathode 
•  to  the  pit  of  the  stomach ;  but  I  use  not  unfrequently  the 
■application  of  the  anode  to  th«  cervical  or  bimbar  spine,  and 
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of  the  cathode  to  the  pit  of  the  stomach,  with  advantage^ 
more  especially  in  cases  where  the  sym.ptoms  are  not  very 
well  defined,  and  where  there  is  a  low  state  of  nervous  power 
throughout  the  system.  .    .  ~ 


III— SURGICAL  APPLICATIONS  OF  THE  CONTINUOUS 
GALVANIC  CUERENT. 


Under  this  head  are  comprehended  both  the  galvanic 
cautery  and  electrolysis. 

1.  The  G-alvanic  Cautery. 

a.  The  Batteries. — We  have  already  seen  that,  for  utilising 
the  calorific  effects  of  galvanism,  a  few  cells  with  a  large 
surface  are  the  best,  as  the  essential  resistance  of  the  circuit 
is  insignificant  in  such  an  arrangement  (p.  51).  The 
batteries  principally  used  for  the  galvanic  cautery  are  the 
following: — 

Middeldorpff^s  apparatus  (Fig.  89)  tjonsists  of  four 
large  cells  of  Grove's  battery  {d  and  /),  contained  in  four 
different  compartments  of  a  wooden  box.  The  cylinders  of 
zinc  are  placed  in  cylinders  of  glass  containing  diluted 
sulphuric  acid,  and  have  a  surface  of  312  square  inches. 
Inside  the  zinc  are  placed  cells  of  ungiazed  porcelain,  filled 
with  nitric  acid,  for  the  reception  of  the  platinum  plates. 
Each  plate  consists  of  three  parts,  bent  double,  so  as  to  form 
a  star  of  six  rays  (/  rri),  the  surface  of  which  amounts  to 
250  square  inches.  Both  zinc  and  platinum  are  furnished 
with  contrivances  for  fixing  the  conducting  wires.  In  the 
centre  of  the  box  is  the  commutator  (a),  .which  contains 
eight  small  cups  for  the  reception  of  mercury,  which  itself 
receives  the  conducting  wires  (i)  conaing  from  the  zincs 
(zzzz),  and  platinums  (pppp),  and  fixed  by  means  of  a  screw 
arrangement  {k  m).     At  the  points  h,  g-,  the  first  platinum 
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and  the  fourth  zinc  wire  merge  into  the  wires  71,  n,  which 
establish  metallic  connection  {00^  pp)  with  the  studs  for 
inserting  the  conducting  wires. 

Middeldorpff  s  is  a  powerful  apparatus,  but  it  is  very  ex- 
pensive and  troublesome  to  manage ;  and  it  has  therefore,  on 
the  whole,  not  found  much  favour  with  the  profession.     A 


Fig.  89.— MiddeldorpfiPs  Cautery  Battery. 

thoroughly  competent  assistant  is  indispensable,  as  the  nitric 
acid  may  easily  enter  into  ebullition,  and  do  great  damage. 
Moreover,  the  fumes  of  the  nitric  acid  are  most  irritating  to 
the  air-passages. 

Grenefs  apparatus  (Fig.  89),  which  is  generally  used  in 
France,  but  rarely,  if  ever,  in  England  or  Grermany,  is  a 
modification  of  Bunsen's  battery,  and  furnishes  a  powerful 
current.  It  consists  of  nine  zinc  plates  and  six  carbon  plates, 
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three  plates  of  zinc  being  connected  with  two*  of  carbon. 
The  exciting  liquid  is  one  part  of  sulphuric  acid,  with  five 
parts  of  water,  and  100  grammes  of  bichromate  of  potash 
dissolved  in  a  litre  of  the  acidulated  water.  This  battery 
does  not  act  unless  the  liquid  is  kept  in  a  state  of  constant 
agitation  by  blowing  air  into  it  with  a  pair  of  bellows. 
After  this  has  been  done  for  a  few  seconds,  the  wire  is  ren- 
dered incandescent.  Grrenet's  apparatus  is  very  bulky,  and 
the  arrangement  of  liquid  and  plates  complicated;  more- 


FiG.  90. — Grenet's  Apparatus. 


over,  it  generally  requires  to  be  discharged  after  having  been 
used,  or  it  will  not  easily  act  again,  and  the  work  of  the 
assistant  who  has  to  manage  the  bellows  is  very  heavy.  These 
are  the  chief  reasons  why  the  apparatus  has  not  found  much 
favour  out  of  France. 

In  both  Middeldorpff's  and  Grenet's  instruments  it  is  not 
easy  to  regulate  the  degree  of  heat  produced,  which  is  never- 
theless of  the  greatest  importance,  because  if  white  heat  be 
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attained,  there  is  danger  of  hsemorrliage ;  and  if  too  little 
heat  be  evolved,  the  instrument  is  more  or  less  inert. 

Professor  Jvon  Bruns,  of  Tiibingen,  uses  a  battery  composed 
of  zinc  and  iron  arid  charged  with  strong  nitric  acid.  It  is 
^ery  powerful^  but  requires  close  watching,  as  the  acid  easily 
enters  into  ^ebullition  and  destroys  all  the  furniture  and 
other  things  with  which  it  may  happen  to  come  in  con- 
tact.-/ ■         '-''.:      '^  .  "' 

Stohrer^s  galvanic-cautery  battery  consists  of  six  pairs  of 
zinc  and  carbon  charged  with  diluted  sulphuric  and  strong 
nitric  acid,  and  is  much  more  manageable  than  Grrenet's, 
MiddeldorpfPs,  or  Bruns's  instruments. 

A  nice  galvanic-cautery  battery  on  Stdhrer's  principle  has 
been  recently  manufactured  by  Messrs.  Meyer  and  Meltzer,  of 
Grreat  Portland  Sti*eet.  It  combines  lightness  and  portability 
with  great  power,  and  is  much  more  easily  adjusted  than 
other  batteries.  The  box  in  which  it  is  contained  is  40 
inches  long,  9  inches  wide,  and  7  deep.  This  contains  not 
only  the  plates  and  electrodes,  but  also  two  stoppered  bottles 
for  the  acids  with  which  the  battery  is  charged,,  and  which 
are  diluted  sulphuric  acid  (1  in  8)  and  nitric  acid. 

A  lever,  with  dial  plate  in  front  of  the  box,  allows  the  use 
of  the  battery  while  the  box  is  closed,  thus-  effectually  pre- 
venting the  escape  of  nitrous  acid  futnes.  Dr.  Kidder,  of 
New  York,  has  constructed  a  battery  (Fig.  94,  p.  354),  which 
resembles  that  of  Meyer  and  Meltzer.  The  electrodes  are  an 
ecraseur,  cutting  loops  and  porcelain  cauteries  (Fig.  95). 

Messrs.  Krohne!  and  Sesemann  have  lately  constructed  a 
galvaiiiaecrasfiury which  is  highly  spoken  of  by. those  sur^ 
geons  whohaveused  it.  It  consists  of ,  the  handle,  a,  which 
carries  the  two  wires  that  have  to  transmit  the  thermic  in-* 
fluencfi  fe  :th;e  platiniim  loop,  d,  and  are  at .  iheir  other  end 
connected  with .^Ihei; battery  wires,  gr ;:  c  .are.  the  canhulse^ 
through  which  the_wires  pass  after  they  have  left  the  handle.; 
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//  the  sockets  to  which  the  cannulae  are  screwed  ;  e  is  the 
contact  breaker,  and  h  the  clamp  for  fixing  the  wires.     No.  1 


nti 


Fig.  92. — Krohne  and  Sesemann's  Cauteries. 

shows  the  instrument  in  front,  and  2  gives  a  side  view  of  the 
same. 

The  same  manufacturers  make  large  and  small  porcelain 
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cauteries.  Platinum  wires  of  different  shape  and  size  may 
be  fixed  into  the  handle,  for  A'arying  the  mode  of  cauterisa- 
tion, and  on  each  handle  is  a  sliding-  knob  for  making  and 
breaking  the  current. 

An  important  advantage  of  the  galvanic  cautery  is  that  no 
pain  is  felt  after  the  operation,  for  the  extremities  of  the 
nerves   are  destroyed  by  it.     The  eschar  which   is  former 


Fig.  93. — Meyer  and  Meltzer's  Galvanic  Cautery. 

renders  the  wound  invested  by  it  less  liable  than  a  moist  and 
granulating  surface  to  miasmatic,  putrid,  and  purulent  infec- 
tion ;  and  one  great  source  of  mortality  after  operations  is 
thus  removed.  Another  advantag'e  attending  this  mode  of 
treatment  is  that,  with  a  proper  application  of  the  heat,  the 
vessels  are  occluded  by  clots,  and  haemorrhage  is  impossible. 

A  A 
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2.  Electrolysis. — All  batteries  which  have  been  described 
under  the  heading  of  constant  batteries,  for  the  medical  ap- 
plication of  the  continuous  current,  may  be  usefully  employed 
lor  the  electrolytic  treatment  of  surgical  diseases.  Stohrer's 
electrolytic  battery  and  Becker-Muirhead's  are,  however,  the 
best  for  this  purpose. 

For  conveying  the  galvanic  current  into  the  depth  of  the 


Fig.  9i.— Kidder's  Galvanic  Cauter}'. 


tissues,  fine  needles  of  gold  or  gilt  steel  are  used  for  the 
negative  pole,  the  circuit  being  closed  by  jDlacing  a  moistened 
sponge  connected  with  the  positive  pole  outside  on  the 
skin.  Most  of  the  other  instruments  are  modifications  of 
the  needle.  I  have  used  conductors  from  which  two,  four, 
six,  and  eight  needles  are  made  to  branch  off,  to  suit  the 
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requirements  of  different  cases  (Figs.  98,  99,  100,  101). 
Sometimes  circular-shaped  conductors  are  useful  (Figs.  102 
and  103).  For  the  treatment  of  uicers,  conductors  with  a 
larger  sin-face  are  better  suited;  viz.  blunt  blades  (Fig.  104), 
and  round  plates  of  different  size  (Fig.  105).  All  these  con- 
ductors are  made  of  gold  or  gilt  metal,  and  insulated  by 
ebonite. 


S, 


Fig.  95. — Meyer  and  Meltzer's  Cauterisers, 


The  electrode,  however,  which  is  most  universally  useful  is 
the  serres-fines  conductor  (Fig,  106),  which  allows  the  intro- 
duction of  from  one  to  six  or  more  needles  ad  libitwm,  and 
in  any  direction  that  may  be  required.  It  consists  of  a  con- 
ducting wire,  which  at  its  end  is  made  to  branch  off  into  six 
or  more  conducting  wires  of  equal  diameter,  the  ends  of 
which  are  connected  with  serres-fines,  by  means  of  which  the 
heads  of  the  needles  may  be  grasped  after  their  introduction 

A  A.   2 
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into  the  substance  of  the  tumour.  Single  needles  are  intro- 
duced more  readily  into  the  depth  of  the  tissues  than  con- 
nected rows  of  needles ;  besides  which,  by  means  of  this  in- 
strument, the  needles  may  be  introduced  in  any  direction 


Fig.  96. — Author's  Battery  for  Electrolysis. 

that  may  appear  most  suitable,  which  with  fixed  rows  of 
needles  is  not  so  easily  practicable.  Dr.  Beard  has  somewhat 
modified  the  needle-holder,  as  shown  in  Fig.  107. 
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The  introduction  of  needles  through  the  skin  must  always 
be  unpleasant  to  the  patient ;  I  therefore  recommend  prac- 
titioners to  render  the  skin  insensible  to  pain  by  means  of 
ether  spray  before  introducing  them.  Some  patients  are 
intolerant  of  ether,  and  represent  it  as  very  unpleasant, 
not  so  much,  perhaps,  at  the  time  of  its   first  application  as 


Fig.  97. 

afterwards,  in  the  period  of  reaction,  when  the  frozen  skin 
returns  to  its  normal  condition.  Sometimes  the  skin 
remains  red  and  peels  off  after  a  single  application  of  ether, 
but  in  most  cases  the  spray  is  well  borne.  I  should,  however. 


Fig.  98. 


Fig.  99. 


Fig.  100. 


Fig.  101, 


Fig.  102, 


Fig.  103. 


Fig.  104. 


Author's  Electrolytic  Electrodes. 


Fig.  105. 


be  very  glad  to  have  at  my  disposal  some  other  ready  means 
for  rendering  the  skin  insensible,  and  which  would  be  less 
irritating  than  ether.  I  am  informed  that  in  America  a 
hydro-carbon,  called  rhigolene,  is  now  extensively  employed 
for  producing  local  anaesthesia.  It  is  said  to  be  free  from 
the  effects  inherent  to  the  ether  ;  but,  as  it  also  acts  by  pro- 
ducing intense  cold,  I  cannot  see  why  it  should  have  any 
advantage  over  ether,  for  it  is  not  so  much  the  peculiar  kind 
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of  hydro-carbon  employed  as  the  cold  which  produces  the 
irritation.  Highly  sensitive  patients,  however,  may  be  placed 
under  the  influence  of  chloroform,  or  bichloride  of  methylene. 
The  electrolytic  application  itself  is  not  painful,  even  if  a 
considerable  power  be  used.  It  is,  however,  necessary  to  begin 
with  a  low  degree,  and  only  gradually  to  increase  it.     By 


Fig.  106. — Author's  Serres-fines  Conductor. 

proceeding  thus  the  internal  parts  are  gradually  benumbed, 
and  what  might  at  the  first  moment  have  been  felt  as  a  severe 
shock  gives  no  unpleasant  sensation  if  this  precaution  be 
adopted.  The  benumbing  effect  of  the  galvanic  current  is, 
however,  only  produced  where  the  current  is  applied  inter- 
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nally  ;  outside,  where  the  positive  pole  is  used,  a  sensatiou 
of  heat  and  pricking  is  felt  during  the  whole  time  of  the 
application. 

Most  j)ractitioners  who  have  practised  the  electrolytic 
treatment  h&xe  followed  my  recommendation  to  use  only  the 
cathode  for  the  internal  application  ;  but  several  have  used 
the  anode  as  well  in  this  manner.  Amongst  the  latter 
Prof.  Gfroh,^  of  Olmiitz,  deserves  special  mention.  He  uses 
Frommhold's  battery  (p.  314),  which  consists  of  zinc  and 
platinised  lead,  and  resorts   either   to  a    powerful    current 


14 


Fig.  10". — Ctlier  forms  of  Needle-holders. 

applied  for  a  short  time  under  chloroform,  or  to  a  gentle 
cm'rent  applied  for  days  and  nights  consecutively.  The 
needles  employed  by  him  are  of  steel,  zinc,  or  platinum ; 
and  he  finds  it  advantageous,  where  the  parts  which  are  to 
be  destroyed  are  highly  vascular,  to  use  zinc  needles  which 
are  dissolved  at  the  positive  pole  by  the  nascent  chlorine,  so 
that  there  is  not  only  primary,  but  secondary,  electrolysis. 
The  eschar  at  the  positive  pole  looks  under  these  circum- 
stances like  one  produced  by  chloride  of  zinc  paste  ;  viz.  it  is 


'  Die  Electrolyse  in  der  Chirurgie.     Wien,  187  h 
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greyish-white,  firm,  and  dry.  At  the  negative  pole  there  is 
a  rapid  development  of  foam  (hydrogen),  which  generally 
appears  white,  and  more  rarely  brownish-red — the  latter 
chiefly  where  the  tissues  are  very  vascular.  The  tissues 
become  more  tense  by  the  quantity  of  gas  which  is  set  free, 
and  the  epidermis  or  mucous  membrane  becomes  raised  ; 
discoloration  of  the  tissues  appears  at  first  around  the  needles, 
but  afterwards  at  a  distance,  and  they  assume  a  dark  brown 
or  livid  tinge.  Where  this  is  distinctly  perceptible,  there 
is  generally  so  much  destruction  caused  that  the  tissues  do 
not  recover  themselves  after  the  application.  Prof.  Groh 
thinks  it  important  to  introduce  the  positive  needle  first, 
and  the  negative  afterwards,  inasmuch  as  the  former 
becomes  so  firmly  glued  to  the  tissues  after  the  current  has 
commenced  to  act,  that  it  is  very  difficult  to  push  it  for- 
wards. 

Grroh  considers  the  following  to  be  the  advantages  of 
electrolysis  : — Very  extensive  tumours  may  by  its  aid  be 
destroyed  without  the  loss  of  a  drop  of  blood,  which  is  of 
great  importance  in  cases  where  there  is  prostration  of 
strength.  In  three  of  his  patients  the  use  of  electrolysis 
enabled  him  to  do  without  resection  of  the  lower  jaw,  which 
otherwise  would  have  been  necessary,  and  would  have  given 
rise  to  great  disfigurement.  In  a  case  of  cancer  of  the 
rectum,  where  subcutaneous  injection  of  morphia  produced 
only  slight  and  temporary  relief  of  the  intense  pain,  and 
where  there  was  a  most  offensive  smell  from  the  ulceration, 
both  fetor  and  pain  disappeared  after  the  first  electrolytic 
operation.  In  a  case  of  epithelioma  of  the  lip,  where  the 
right  submaxillary  gland  was  considerably  swollen,  this 
swelling  was  dispersed  a  few  days  after  one  electrolysis. 
Finally,  all  cases  progressed  favourably,  without  any  bad 
accidents.  The  pain  never  continued  beyond  the  application 
itself ;  there  was  only  slight  local  and  general  reaction ;  the 
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eschars  which  had  been  formed  were  rapidly  thrown  off ;  there 
was  copious  g'ranulation,  and  such  an  amount  of  cicatricial 
contraction  as  to  cover  the  loss  of  substance  caused  by  the 
removal  of  the  growth. 

The  draivhacks  of  electrolysis  are,  that  the  batteries  are 
expensive  ;  that  it  is  not  always  easy  to  introduce  the  needles 
so  as  to  destroy  as  much  as  possible  in  the  shortest  time ; 
and,  where  extensive  tumours  are  to  be  destroyed,  the  appli- 
cations must  be  frequently  repeated,  or  prolonged  for  a 
considerable  time.  Grroh  thinks  that  surgeons  will  gradually 
find  special  indications  for  electrolysis  as  for  any  other 
operative  procedures.  Where  the  knife  is  the  more  simple 
instrument  and  equally  devoid  of  danger,  they  will  not  think 
of  resorting  to  electrolysis  ;  but  will  use  the  latter  where  it 
either  appears  to  offer  special  advantages,  or  where  no  other 
means  can  be  employed. 

In  our  own  opinion  the  subject  of  electrolysis  is  still  in 
its  infancy,  and  requires  a  great  deal  of  further  elucidation 
by  physiological  and  therapeutical  experiments.  One 
unquestionable  advantage  of  this  treatment  is,  that  there  is 
no  danger  of  shock,  and  that  the  patients  can,  while  it  is 
carried  on,  pursue  their  ordinary  avocations  just  as  well  as 
before.  Our  present  experience  seems  to  point  to  the  con- 
clusion that  for  tumours  with  soft  contents  only  the  cathode, 
and  for  those  with  hard  contents  both  the  cathode  and  anode, 
should  be  employed. 

Diseases  in  which  the  electrolytic  treatment  proves  chiefly 
valuable  are  tumours,  serous  effusions,  strictures,  and  wounds 
and  ulcers. 

Dr.  Grolding-  Bird  has  recommended  the  prolonged  local 
application  of  a  single  galvanic  pair,  to  produce  the  effects 
of  a  moxa,  in  cases  where  a  persistent  discharge  from  some 
part  of  the  body  is  required.  The  galvanic  moxa  is 
employed  in  the  following  way : — The  cuticle   is  raised   on 
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two  points  of  the  body  by  means  of  blisters,  one  being  placed 
a  few  inches  below  the  other.     A  piece  of  zinc  foil  is  then 
applied  to  the  one  from  which  the  discharge  is  required,  and 
a  piece  of  silver  to  the  other,  both  metals  being  connected 
by  a  copiDer  wire,  and  covered  with  a  plaster.     If  the   zinc 
plate  be  raised    a    few   hours    after    the    circuit   has    been 
established,  the  surface  of  the    skin   looks   whitish,   as   if 
chloride  of  zinc  had  been  applied  to  it.     In  48   hours  an 
eschar  is  produced,  which  begins  to   separate   four  or  five 
days  afterwards.     The  eschar  is  formed  by  the  electrolytic 
action  of  the  continuous  current,  in  consequence  of  which 
the  tluid  effused  on  the  surface  of  the  blister  is  decomposed, 
sodium  being  set  free  at  the  silver  plate,  where  by  oxidation 
it  rapidly  becomes  soda ;  and  chlorine  being  evolved  at  the 
zinc  plate,  where,  consequently,  cliloride  of  zinc  is  formed. 
The    chloride    of    zinc,    originated    by    electrolytic    action, 
produces  the  sore,  which  discharges  pus  freely  if  a  common 
]Doultice  be  applied  to  it.    While  this  process  is  going  on, 
the  patient  seldom  complains  of  pain;  probably  because  the 
caustic  acts  in  infinitely  small  portions  upon  the  skin,  in  pro- 
portion as  it  is  liberated.     The  galvanic  moxa  is  now  rarely 
used,  as  cases  '  where  a  persistent  discharge  from  some  part 
of  the  body  is  required '  only  rarely  present  themselves  in 
practice.     I  have  never  seen  one. 


Medical  Application  of  Induction  Currents,  Electro- 
Magnetism,  and  Magneto-Electricity. 

(C)  Faradisation. — I.  History  of  it. — The  discovery  of 
induction  currents  (1831)  caused  a  new  era  in  the  medical 
application  of  electricity.  The  use  of  the  voltaic  pile  had  at 
that  time  been  completely  abandoned  ;  constant  batteries  for 
medical  use  were  not  in  existence ;  and  the  striking  pheno- 
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mena  produced  with  small  and  handy  induction  machines 
gave  rise  to  the  belief  that  at  last  the  true  medical  electri- 
city had  been  discovered. 

The  first  induction  apparatus  suited  for  medical  use  was 
constructed  by  M.  Pixii ;  the  first  physician  who  employed 
induction  currents  for  therapeutical  purposes  was,  according 
to  Grerman  authors,  Dr.  Neef,  of  Frankfort,  while  M.  Tripier 
ascribes  this  merit  to  M.  Masson,  of  Paris  ;  it  was,  however, 
undoubtedly  M.  Duchenne,  of  Boulogne,  who,  by  his  able 
electro-physiological  researches  on  the  functions  of  the 
muscles,  gave  the  greatest  impetus  to  the  study  of  medical 
electricity  in  our  time.  Induction  machines  for  medical  use, 
both  volta-faradic  and  magneto-faradic,  were  afterwards 
constructed  by  Messrs.  Saxton,  Clarke,  Keil,  Stohrer,  Breton, 
Du  Bois-Eeymond,  Home  and  Thornthwaite,  Duchenne, 
Legendre  and  Morin,  Siemens  and  Halske,  Bernard,  Baier- 
lacher,  Graiffe,  and  many  others.  In  the  older  of  these 
machines  all  the  conditions  necessary  for  therapeutical  ap- 
plication were  not  united ;  for  in  most  of  them  only  the 
current  induced  in  the  second  wire  could  be  utilised,  and 
the  intensity  of  the  current,  as  well  as  the  greater  or  lesser 
rapidity  of  the  intermittences,  could  not  be  well  regulated  ; 
while  in  those  of  more  modern  construction  the  necessary 
qualities  are  generally  found  combined. 

II.  Induction  Machines  for  medical  use. — In  this  place 
I  shall  first  discuss  the  qualities  which  every  faradic  appa- 
ratus should  possess  if  it  is  to  be  used  for  therapeutical  pur- 
poses ;  after  which  a  short  description  of  those  instruments 
will  be  given  which  are  principally  employed  by  medical  men 
at  the  present  time. 

The  question  has  been  often  asked  whether  the  apparatus 
should  be  a  volta-faradic  or  a  magneto-faradic  one.  Both 
of  them  have  had  their  panegyrists  and  adversaries. 

The    alleged   inconveniences   of  volta-faradic    machines. 
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in  which  the  current  is  induced  by  a  galvanic  pair,  are  that 
they  are  expensive ;  that  troublesome  manipulations,  involv- 
ing loss  of  time,  precede  and  follow  the  use  of  the  machine  ; 
that  this  is  not  ready  to  act  at  a  moment's  notice,  as  it  requires 
charging  and  discharging ;  that  acids  are  necessary  for  in- 
ducing the  current,  whereby  not  only  the  battery  but  also 
the  coil  are  gradually  spoiled ;  while,  on  the  other  hand, 
magneto-faradic  rotation  machines  are  praised  as  cheap, 
always  ready  to  act,  and  not  requiring  acids  for  their  use. 
The  objections  to  volta-faradic  instruments  whicli  have  just 
been  mentioned  are,  however,  not  applicable  to  the  more 
recently  constructed  machines,  as  they  are  generally  not 
expensive,  ready  to  act  at  any  time,  without  charging  or 
discharging,  and  may,  with  some  little  precaution,  be  kept 
perfectly  clean  and  in  good  order. 

The  chief  inconvenience  connected  with  the  use  of  mag- 
neto-faradic machines  is  that  the  operator  requires  an  assistant 
to  turn  the  handle  connected  with  the  endless  chain  of  the 
apparatus,  which  puts  the  soft  iron  armature  in  rotation. 
This  inconvenience,  which  is  especially  felt  whenever  pro- 
longed applications  are  necessary,  may,  it  is  true,  be  avoided 
by  the  substitution  of  clock-work  ;  but  by  this  the  rapidity 
of  the  intermittences  cannot  be  so  easily  regulated. 

Another  drawback  to  the  magneto-faradic  current  is  that 
the  sensation  produced  by  it  is  far  more  unpleasant  than 
that  caused  by  electro-magnetism,  which  is  due  to  the  cir- 
cumstance that  the  cm-rent  induced  by  voltaic  electricity 
rises  at  once  from  zero  to  its  maximum,  and  then  as  quickly 
falls  back  to  zero ;  while  the  variations  in  the  density  of  the 
magneto-faradic  current  are  much  slower.  The  latter  begins 
when  the  soft  iron  armature  is  withdrawn  from  the  pole  of 
the  permanent  magnet,  reaches  its  maximum  when  the 
armature  is  between  the  two  poles,  and  is  finally  reduced  to 
zero  when  the  armature  arrives  at  the  opposite  pole  of  the 
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magnet.  The  volta-faradic  current  acts,  therefore,  more 
thoroughl}  on  the  motor  nerves  and  muscles,  and  less  dis- 
agreeably on  the  sentient  nerves,  while  the  magneto-faradic 
current  has  a^ore  jerking  and  spasmodic  effect  on  the 
muscles  and  sentient  nerves.  If  applied  to  the  face  the 
latter  has  a  slight  but  decided  action  on  the  retina,  which  is 
not  affected  by  the  volta-faradic  current,  unless  this  has  a 
very  high  tension.  The  magneto-faradic  current  is  perhaps 
more  useful  in  rheumatism  and  weakness  of  sight  than  the 
volta-faradic :  and  before  the  continuous  current  was  re- 
introduced into  practice,  magneto-faradism  was  most  suitable 
lor  those  affections  ;  but  now  we  should  always  employ  gal- 
vanisation rather  than  faradisation  in  such  cases.  At  the 
present  time,  therefore,  magneto-electricity  is,  strictly 
speaking,  not  required  for  medical  practice,  although  it  may 
still  find  a  sphere  of  usefulness  where  no  better  instruments 
can  be  procured.  It  is  at  present  much  in  favour  with  the 
public,  not  only  on  account  of  its  cheapness,  but  also  because 
anybody  is  clever  enough  to  turn  a  handle,  but  not  suffi- 
ciently so  to  charge  a  battery. 

On  the  whole  it  may  be  said  that  magneto-electricity,  as 
furnished  by  the  rotatory  apparatus,  has  disappeared  from 
medical  practice,  and  is  only  used  by  those  who  must  act 
with  cheap  instruments.  Good  magneto-electric  machines 
can  be  had  for  from  15s.  to  20s.,  where  most  good  electro- 
magnetic machines  cost  4:1.  to  61.  Tolerably  good  electro- 
magnetic machines  are  now,  however,  likewise  manufactured 
very  cheaply.  Thus,  a  small  G-aiffe's  sulphate  of  mercury 
induction  apparatus  can  be  had  for  23s.  ;  and  the  imitations 
of  Gaiffe,  which  are  sold  by  Messrs.  Zimmermann,  Fen 
Court,  Fenchurch  Street,  London,  go  into  small  fractions  of 
a  pound,  with  which  not  even  the  cheapest  magneto-electric 
machines  can  compete.  On  the  whole,  it  may  be  said  that 
in  this,  as  in  other  branches  of  manufacture,  the  best  and 
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most  expensive  thing  is  the  cheapest  in  the  end ;  yet  it  is  an 
undoubted  advantage  that  manufacturers  have  been  able  to 
lower  their  prices  so  much  as  to  bring  some  kind  of  electric 
instrument  within  the  reach  of  the  humblest  of  our  profes- 
sional brethren. 

I  have  already  alluded  to  the  circumstance  that  G-ramme's 
principle  of  magneto-faradism  (p.  87)  may,  in  course  of  time, 
cause  this  agent  to  be  again  adopted  for  therapeutical  pur- 
poses. 

Doses  of  electricity  require  to  he  exactly  measured  to  suit 
the  different  constitution,  age,  and  sex  of  the  patient,  just  as 
remedies  for  internal  use  are  given  by  weight  and  measure  ; 
therefore  every  induction  machine  should  possess  a  regulator 
by  means  of  which  the  power  of  the  current  may  be  increased 
or  diminished.  The  apparatus  should  be  able  to  furnish  a 
current  of  high  tension,  as  otherwise  no  effect  would  be  pro- 
duced in  cases  of  anaesthesia  and  hysterical  paralysis,  more 
especially  when  the  electricity  is  applied  to  spots  where  the 
epidermis  is  very  thick,  such  as  the  palms  of  the  hands  and 
the  soles  of  the  feet ;  on  the  other  hand,  a  gentle  current  is 
required  for  persons  of  keen  sensibility,  and  when  acting  on 
the  face  and  neck. 

We  have  seen  in  the  first  chapter  that  the  intensity  of  the 
farado-magnetic  current  depends  upon  three  conditions  :  viz. 
the  intensity  of  the  inducing  current  of  the  battery ;  the 
transverse  section  and  the  number  of  convolutions  of  the 
wires  ;  and  the  quantity  and  the  more  or  less  insulated  state 
of  the  soft  iron  in  the  centre  of  the  coil.  Consequently  a 
current  will  be  powerful  if  the  battery  be  strongly  charged, 
if  the  wire  be  long  and  fine,  and  the  soft  iron  employed  con- 
sist of  a  bundle  of  wires  covered  with  a  layer  of  varnish.  It 
would  be  very  inconvenient  if  we  were  obliged  to  vary  all 
three  conditions  whenever  it  is  necessary  to  diminish  the 
intensity  of  the   current.      Before  the  researches   of  Prof. 
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Dove  on  the  influence  of  a  closed  brass  or  copper  tube  on  the 
power  of  the  electro-magnet  were  generally  known,  it  was 
customary  to  partially  withdraw  the  soft  iron  from  the  axis 
of  the  coil,  whereby  the  intensity  of  the  current  was 
diminished  in  proportion  as  the  iron  was  withdrawn  ;  or  to 
have  portions  of  the  iron  connected  severally  with  metallic 
knobs  outside,  on  which  a  hand-plate  or  clock  in  connection 
with  one  of  the  poles  was  placed,  so  as  to  branch  off  either  a 
feeble  or  a  powerful  current. 

It  is,  however,  as  a  rule,  more  convenient  to  use  the  brass 
or  copper  tube,  or  Du  Bois'  sledge  arrangement  (-p.  128), 
as  regulators,  as  they  allow  of  a  mucli  nicer  graduation 
than  any  other  arrangement.  For  cases  in  which  an  ex- 
tremely feeble  current  is  required  it  is  advisable  to  inter- 
pose an  imperfect  conductor  into  the  circuit,  whereby  the 
resistance  to  the  passage  of  the  current  is  increased,  and 
the  strength  of  the  current  further  reduced.  This  is  done 
by  a  glass  tube,  the  ends  of  which  are  furnislied  with  metal 
screws  for  receiving  the  conducting  wires  of  the  apparatus. 
A  metal  rod  is  freely  movable  in  the  tube,  which  is  filled 
with  water  as  a  bad  conductor.  The  more  the  rod  be  taken 
out  of  the  tube — i.e.  the  larger  the  layer  of  water  which  has 
to  be  traversed  by  the  current — the  more  the  power  of  the 
electricity  is  diminished,  so  that  at  last  it  will  no  longer  be 
felt  on  the  skin,  but  only  occasion  a  slight  pricking  sensa- 
tion when  applied  to  the  tongue  or  other  mucous  membranes. 
The  same  instrument  may  serve  for  comparing  the  intensity 
of  different  induction  machines  ;  since,  if  the  layer  of  water 
remains  the  same,  the  current  furnished  by  a  weak  instru- 
ment will  not  cause  any  sensation  in  the  tongue,  while  the 
current  of  a  powerful  one  will  be  at  once  perceptible  in  that 
organ. 

Some  induction  machines  are  too  strong  for  therapeutical 
purposes.     One  of  these  is  Ehumkorff's  large  coil,  in  which 
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the  second  wire  is  three  miles  long,  wjiereby  the  current 
acquires  a  very  high  tension.  The  largest  coil,  which  has 
been  constructed  is  Apps's  instrument,  as  exhibited  at  the 
Polytechnic  Institution,  which  is  nine  feet  ten  inches  long, 
and  two  feet  in  diameter.  The  length  of  the  primary  wire 
is  3,770  yards,  and  that  of  the  secondary  wire  150  miles. 
The  soft  iron  in  the  centre  of  the  coil  is  five  feet  long,  four 
inches  in  diameter,  and  weighs  125  pounds.  The  action  of 
this  monster  coil  is  excited  by  48  cells  of  Bunsen's  battery, 
each  charged  with  a  pint  of  nitric  acid.  The  coil  yields  a 
flash  of  light  29  inches  long,  and  capable  of  perforating  five 
inches  of  solid  plate-glass.  It  has  been  used  by  Dr. 
Eichardson  for  physiological  researches  ;  but  it  would  be 
totally  unsuitable  for  therapeutical  application. 

The  intensity  of  the  magneto-faradic  current  depends  upon 
the  power  of  the  fixed  horse-shoe  magnet,  the  number  of 
convolutions  of  the  wires,  the  distance  of  the  soft  iron  arma- 
ture from  the  poles  of  the  magnet,  and  the  velocity  with 
which  the  wheel  is  turned.  The  most  powerful  magneto- 
electric  aj)paratus  which  has  been  constructed  is  that  of  Mr. 
Henley.  In  this  machine  there  are  two  permanent  magnets, 
each  of  which  is  composed  of  thirty  horse-shoe  steel  magnets 
two  feet  and  a  half  long  and  from  four  to  five  inches  broad ; 
the  induction  coils  attached  to  them  contain  about  six  miles 
of  wire.  The  tension  of  the  current  circulating  in  this  wire 
is  far  too  high  for  medical  use. 

Most  induction  machines  used  in  medicine  furnish  tivo 
currents,  viz.  the  'primary  or  extra-current  of  the  thick 
wire,  and  the  secondary  current  of  the  fine  wire.  Duchenne 
has  expressed  the  opinion  that  there  is  a  difference  in  the 
physiological  action  of  the  primary  and  secondary  current, 
the  former  of  which  acts,  according  to  him,  chiefly  on  the 
contractile  power  of  the  muscles,  while  the  latter  has  more 
effect  on  the  sentient  nerves  and  on  the  retina,  when  applied 
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by  raoistened  conductors  to  any  point  of  the  face  or  scalp. 
Duchenne  has  referred  this  difference  of  action  to  a  special 
elective  power  in  each  of  the  currents,  which  is  equivalent 
to  a  confession  of  inability  to  explain  the  phenomena 
observed ;  while  Becquerel '  has  contended  that  the  difference 
in  the  physiological  effects  of  the  two  currents  is  chiefly  due 
to  the  difference  which  exists  in  their  tension.  Duchenne's 
observations  are,  according  to  Becquerel,  accurate,  but  his 
explanations  are  unsatisfactory,  as  much  difference  naturally 
arises  from  the  physical  condition  of  the  wires  ;  a  current 
circulating  in  a  short  and  thick  wire  possesses  less  tension 
than  one  passing  through  a  long  and  fine  wire.  The  primary 
current  has  therefore  only  a  trifling  effect  on  the  skin,  which 
offers  great  resistance  to  the  passage  of  electricity  ;  and 
more  effect  on  the  contractile  power  of  the  muscles,  which 
are  better  conductors  of  it ;  while  the  secondary  current, 
which  possesses  a  high  tension,  does  not  only  affect  the 
muscles,  but  also  the  skin  and  retina.  For  the  same  reason 
a  layer  of  water  is  more  easily  traversed  by  the  secondary  than 
by  the  primary  current.  Messrs.  Breton  Freres  have  shown 
by  an  experiment,  in  which  the  arrangement  of  the  wires 
was  modified,  that  the  effect  which  has  been  attributed  by 
Duchenne  to  the  secondary  current,  may  be  obtained  from 
the  primary,  and  vice  versa. 

Eosenthal  "^  has  given  the  following  most  scientific  ex- 
planation of  the  phenomena  observed  by  Duchenne,  which 
he  considers  as  entirely  owing  to  the  peculiar  construction 
of  Duchenne's  apparatus.  The  secondary  coil  of  that  instru- 
ment consists  of  extremely  numerous  convolutions  of  an  ex- 
ceedingly fine  wire.  Now,  the  electromotive  force  increases 
with  the  number  of  convolutions,  but  the  resistance  likewise 
increases  with  the  length  and  fineness  of  the  wire.     There 

'  Traite  des  appHcatious  de  I'Electricite,  etc.     Paris,  1857. 
2  Electricitatslehre  fiir  Medipin,     Berlin,  1869,  p.  194. 
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is,  therefore,  considerable  resistance  in  Duchenne's  apparatus. 
If  the  secondary  coil  be  used  for  stimulating  the  sentient 
nerves,  that  resistance  does  not  exert  so  much  influence,  as 
the  dry  cuticle  has  a  still  higher  resistance  ;  and  a  consider- 
able effect  is  therefore  produced  under  any  circumstances. 
The  resistance  of  the  coil  is,  however,  of  considerable 
influence  upon  the  intensity  of  the  current  if  we  proceed  to 
faradise  the  muscles.  In  the  latter  case,  the  resistance  of 
the  body  is  considerably  diminished  by  using  moistened  elec- 
trodes, while  the  resistance  of  the  coil  remains  so  great  that 
the  current  cannot  acquire  any  considerable  degree  of  power. 
The  very  large  number  of  convolutions  of  the  secondary 
wire,  therefore,  rather  constitutes  a  drawback  when  compared 
to  the  trifling  advantage  gained  by  increasing  the  inductive 
effects.  If,  however,  the  extra-current  be  used  for  faradising 
the  muscles,  a  powerful  effect  is  caused,  inasmuch  as  the  re- 
resistance  of  the  coi]  is  small,  and  that  of  the  body  is 
diminished,  and  the  current  is  therefore  sufficiently  strong, 
even  if  the  inductive  effects  are  not  very  considerable. 

Cyon  ^  has  lately  given  precisely  the  same  explanation  of 
these  phenomena  as  Eosenthal  did  four  years  earlier,  but 
without  giving  the  credit  of  the  argument  to  the  latter  physi- 
ologist. On  the  contrary,  he  says  that  even  the  latest  writers 
on  medical  electricity  regard  Duchenne's  theory  as  a  '  sacred 
truth.'  Such  an  assertion  is,  to  say  the  least,  singular,  as 
almost  all  writers  on  this  subject  had,  previously  to  adopting 
Eosenthal's  explanation,  sided  with  Becquerel  rather  than 
with  Duchenne. 

An  important  point  in  the  construction  of  an  induction 
apparatus  is  the  rheotoTiie,  cut-current,  or  contact-breaker, 
by  which  the  circuit  is  successively  opened  and  closed,  and 
which  is  indispensable,  as  induction  currents  only  exist  on 

-       '  Loc.  -cit.  p,  172. 
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making  and  breaking  the  circuit,  but  not  while  it  remains 
closed.  The  rheotomes  used  by  electricians  are  the  toothed 
wheel,  the  mercury  rheotome,  and  the  hammer. 

a.  Toothed  Wheel. — The  axis  of  a  toothed  wheel  is  con- 
nected with  one  pole  of  the  battery,  while  the  other  is  placed 
in  contact  with  an  elastic  plate,  which  rests  against  the  teeth 
of  the  wheel.  A  rotatory  movement  is  then  imparted  to  the 
wheel  by  means  of  a  handle,  whereupon  the  elastic  plate 
leaps  from  one  tooth  to  another,  and  each  leap  produces  a 
rupture  of  the  circuit,  which  is  immediately  closed  again ; 
so  that,  if  the  motion  of  the  wheel  be  continued,  a  succession 
of  interrupted  currents  takes  place,  which  is  slow  or  rapid 
according  to  the  velocity  with  which  the  handle  is  turned. 
This  instrument  is  ingenious,  but  not  self-acting,  which  is  a 
great  drawback. 

b.  The  Mercury  Rheotome  consists  of  two  insulated  vessels 
filled  with  naercury,  two  needles,  and  a  metal  rod.  The 
needles  are  parallel  with  each  other,  and  fixed  transversely  to 
the  rod,  which  can  be  moved  more  or  less  rapidly  by  the  hand 
or  by  clock-work.  The  circuit  is  closed  when  the  needles 
are  immersed  in  the  two  vessels,  and  opened  if  the  contact 
between  the  needles  and  the  mercury  is  broken.  At  the 
moment  the  needles  emerge  from  the  mercury,  a  spark  is 
produced,  by  which  the  mercury  is  oxidised ;  its  surface  is 
therefore  soon  covered  with  a  black  powder  of  suboxide  of 
mercury,  which  prevents  a  perfect  contact  between  the  needles 
and  the  metal.  A  rheotome  which  is  rapidly  spoilt  by  the 
action  of  the  current  is  devoid  of  practical  importance. 

c.  The  Hammer,  which  was  invented  by  Dr.  Neef,  of 
Frankfort,  and  made  more  generally  known  by  M.  de  la 
Eive,  to  whom  its  invention  is  sometimes  attributed,  is  the 
best  of  all  rheotomes  hitherto  constructed,  as  it  is  self-acting 
and  nearly  indestructible,  allows  of  rapid  or  slow  interrup- 
tions, and  notably  increases  the  physiological  effects  of  the 
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current.  It  consists  of  a  small  stem  of  soft  iron  (d  e)  placed 
beneath  or  above  the  induction  coil  (b)  ;  one  end  of  this  stem 
is  fixed  to  a  piece  of  metal  {n^')  outside  the  coil,  while  the 
other  end,  which  is  movable  (e),  is  put  in  motion  by  the 
temporary  magnetism  of  the  soft  iron  (c)  in  the  centre  of  the 
coil.  A  platinum  spring  is  soldered  to  the  lower  surface  of 
the  hammer,  and  rests  upon  a  piece  of  copper,  likewise 
covered  with  platinum.  The  metal  stem  communicates  with 
one  of  the  poles  {n)  of  the  battery  (a),  and  the  piece  of 
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EiG.   108. — Neef's  Hammer. 

copper  covered  with  platinum  with  the  other  pole  (p).  The 
circuit  is  closed  each  time  that  these  come  in  contact  with 
each  other ;  as  thereby  the  soft  iron  in  the  centre  of  the  coil 
becomes  magnetic,  and  therefore  attracts  the  movable  end 
of  the  hammer.  In  consequence  of  this  the  circuit  is  broken, 
since  the  contact  between  the  two  parts  has  ceased.  The 
central  soft  iron  then  loses  its  magnetism,  and  the  hammer 
drops  by  its  own  weight  into  its  previous  position.  The 
circuit  is  thus  closed,  whereupon  the  soft  iron  regains  its 
magnetism  ;  the  hammer  is  then  once  more  attracted  to  the 
electro-magnet,  and  the  circuit  again  broken.  At  each 
interruption  a  spark  passes  between  the  two  pieces  of 
platinum,  which  causes  this  metal  to  be  slowly  oxidised. 
The  surface  of  the  platinum  therefore  requires  to  be  occa- 
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sionally  cleaned  ;  but  a  well-constructed  hammer  may,  to  all 
intents  and  purposes,  he  said  to  last  a  life-time. 

The  physiological  effects  of  induction  currents  differ  con- 
siderably, according  to  the  rapidity  with  which  they  succeed 
each  other.  A  rapidly-interrupted  current  has  a  more 
stimulating  effect  on  the  nutrition  of  paralysed  muscles  and 
on  the  sentient  nerves  of  the  skin,  than  one  that  is  slowly- 
interrupted  ;  but  in  certain  cases,  for  instance,  where  there 
are  symptoms  of  irritation,  and  likewise  in  delicate  persons, 
it  is  too  stimulating,  and  every  good  induction  apparatus 
should  therefore  be  furnished  with  a  contrivance  for  chang- 
ing the  rate  of  succession  of  the  currents.  This  is  generally 
accomplished  by  working  a  screw  {n'  Fig.  108),  which  with- 
draws the  spring  of  platinum  soldered  to  the  hammer  from 
the  piece  of  copper  covered  with  platinum.  If  the  distance 
between  the  two  be  small,  the  cm'rents  succeed  each  other 
rapidly ;  if  it  be  increased,  their  rate  of  succession  is  retarded. 
The  differences  in  the  slow  or  rapid  succession  of  induction 
currents  are  readily  distinguished  by  the  different  musical 
sounds  produced  by  the  play  of  the  hammer. 

Fig.  109  shows  a  somewhat  different  arrangement  of  the 
•same  contrivance,  a  and  h  are  coils  of  copper  wire,  in  the 
centre  of  which  a  soft  iron  (c)  is  placed.  +  is  the  clamp 
for  the  positive  wire  of  the  battery,  —  the  one  for  the 
negative,  k  is  the  stem  of  soft  iron  fixed  to  one  end  of  a 
lever  (e),  and  placed  above  the  soft  iron  of  the  coil.  /  is 
the  platinum  point  towards  which  the  lever  moves,  and  by 
means  of  which  the  current  proceeds  to  the  brass  rod  cZ,  from 
where  it  returns  to  the  battery.  Ti  is  the  spring  by  means  of 
which  the  lever  e  is  brought  in  contact  with  the  platinum 
point,  while  i  represents  a  screw  which  regulates  the  tension 
of  the  spring. 

Several  other  contrivances  have  been  proposed  for  effecting 
a    continued    interruption  of  the   faradic   current,   such  as 
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Maelzel's  metronome,  which  is  used  by  musicians,  &c. ;  but 
the  hammer  is  superior  to  any  other  arrangement,  and  has 
therefore  been  universally  adopted  by  instrument  makers. 

I  now  proceed  to  describe  very  shortly  some  induction 
machines  which  are  at  present  or  were  formerly  commonly 
used  in  medical  practice. 

a.  VoUa-faradic  Machines. — Neef  and  Wagners  instru- 
Tnent  (Fig.  110)  is  of  historical  interest,  as  it  was  the  first  of 


Fig.  109. — Induction  Hammer. 

this  kind  which  was  used  in  medicine,  ct  +  is  the  positive, 
g  the  negative  wire,  b  and  d  are  cups  filled  with  mercury  for 
the  entrance  of  the  wires.  /  is  the  commencement,  e  the 
end  of  the  coil,  c  is  the  hammer,  and  m  a  copper  wire 
which  connects  the  hammer  with  the  cup  d.  On  connecting 
the  battery  with  the  coil,  a  musical  sound  indicates  that  the 
machine  is  acting. 

Siemens  and  Hahke^s  instrument  (Fig.  1 1 1 )  is  a  modifi- 
cation of  Du  Bois'  apparatus  (p.  128).  a  a'  are  clamps  for 
receiving  the  conducting  wires  of  the  battery,  and  con- 
nected with  the  primary  wire  of  the  coil,  e  is  the  hammer 
fixed  to  the  pillar  a ;  v  is  the  screw  for  making  the  current. 
C  is  the  bundle  of  soft  iron  wire,  contained  in  the  cylinder ; 
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B,  D  the  soft  iron  wire  in  the  form  of  a  horseshoe,  as  in  Du 
Bois'  apparatus,  b'  is  the  coil  of  fine  wire  furnishing-  the 
secondary  current. 

Benedict's  apparatus  (Fig.   112)  is  likewise  a  modifica- 


i'lG.  110.-  -Neef  and  Wagner's  Apparatus. 

tion  of  Du  Bois'.  The  battery  current  enters  at  ab  ;  i  is 
the  coil  of  thick  wire,  ii  the  coil  of  fine  wire  ;  c  d  yield 
the  primary,  e  f  the  secondary  current. 


Fig.  111. — Siemens  and  Halske's  Apparatus. 

Duchenne's  volta-faradic  apparatus  (Fig.  113)  is  put  m 
iction  by  a  pair  of  Bunsen's  battery,  which  is  contained  in 
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the  lower  drawer  of  the  wooden  hox  represented  in  the 
annexed  diagram,  a  and  b  are  copper  plates,  connecting 
the  positive  and  negative  poles  of  the  battery,  by  means 
of  the  platinum  pieces  c  p,  with  the  coil  of  thick  wire,  k 
is  a  toothed  wheel,  by  means  of  which   the  current  may  be 


Fig.   112. — Benedict's  Apparatus. 

slowly  interrupted  ;  h  i  is  the  hammer  which  allows  rapid 
intermittences.  e  f  yield  the  secondary  current.  The 
brass  tube  (l)  regulates  the  strength  of  the  current.  G  is  a 
tube  of  glass  filled  with  water,  by  which  a  further  diminu- 
tion of  the  power  of  the  current  may  be  effected.  Du- 
chenne's  apparatus  is  too  large  and  heavy  for  out-door 
practice,  but  would  be  a  good  instrument  for  the  consulting 
room,  if  put  in  action  by  a  different  battery,  as  the  one 
used  for  it  requires  daily  nursing.  Duchenne  has  con- 
structed a  variety  of  other  machines,  but  which  have  not 
found  much  favour  with  the  profession,  and  which  space 
forbids  us  to  describe. 

Legendre's  apparatus  is  very  generally  used  in  France, 
on  account  of  its  portability  and  cheapness.  It  is  a  good 
apparatus,  and  one  that,  if  kept  in  proper  order,  never  fails 
to  act.  It  furnishes  the  primary  and  secondary  current,  has 
a  brass  tube  for  regulating  the  power  of  the  current,  and  a 
screw  arrangement  for  rendering  the  intermittences  rapid 
or    slow.     The   chief    drawback    to  the  instrument  is  the 
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battery,  which  must  be  daily  charged  with  nitric  acid, 
whereby  the  apparatus  is  easily  spoilt,  unless  great  care  be 
taken  with  it, 

Oaiffe's  bi-sulphate   of  mercury   apparatus  (Fig.   114) 
would  be  perfect  for  out-door  practice,  if  the  battery  (l). 


QjmiQSiaji. 

Fig.  113. — Diiclienne's  Apparatus. 


were  not  somewhat  uncertain  in  its  action.  It  has  the 
form  of  a  book  in  post  8vo.,  and  may  be  carried  in  the 
pocket.  The  necessary  electrodes  n  t  are  contained  in  the 
box.  M  is  the  coil,  q  the  hammer,  o  its  screw,  and  K  a  tube 
containing  a  provision  of  the  bi- sulphate. 

M.  Graiffe  has.recently  constructed  an  apparatus  which  is  put 
in  action  by  a  chloride  of  silver  battery  (Fig.  115).  a  b  c  d  are 
the  four  corners  of  the  case  in  which  the  apparatus  is  contained, 
and  which  has  the  form  of  a  book  in  post  8vo.  The  box  is 
divided  in  two  partitions  by  the  plate  e  f  ;  one  of  them  con- 
tains the  battery,  and  the  other   the   coil,     u  prevents  the 
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lid  from  being  closed  before  the  hammer  p  is  in  its  proper 
position.  When  the  hammer  is  at  p,  it  gives  rapid  intermit- 
tences  ;  when  at  p',  the  circuit  is  broken,  but  the  hammer 
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Fig.  114. — Gaiffe's  Sulphate  of  Mercury  Apparatus. 


Pig.  115.— Gaiffe's  Chloride  of  Silver  Apparatus. 

may  still  give  very  slow  intermittences  if  pressed  with  the 
finger  so  as  to  connect  it  momentarily  with  the  screw  o.     If 
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it  be  between  p  and  f\  a  mediTim  rapidity  is  obtained,  m  is 
the  coil  of  primary  and  secondary  wire,  e  F  is  a  plate  from 
where  the  electricity  may  be  collected ;  1  and  2  give  the 
primary,  2  and  3  the  secondary  current,  1  and  3  both 
currents  united,  p  and  n  on  this  plate  are  the  positive  and 
negative  poles,  l  if  are  the  two  pairs  of  the  chloride  of 
silver  battery. 

The  most  popular,  and,  on  the  whole,  the  best  volta-faradic 
machine,  is  Stohrer's,  which  has  the  great  advantage  that  it 
is  always  ready  to  act,  as  the  battery  does  not  require  daily 
nursing. 

a.  Stdhrer''s  single-celled  induction  machine  (Fig.  115)  is 
put  in  action  by  a  pair  of  zinc  and  carbon  charged  with 
chromic  and  sulphuric  acid.  There  is  no  porous  vase.  The 
interior  of  the  carbon  cylinder  contains  sand  and  10  to  12 
minims  of  a  concentrated  solution  of  chromic  acid  mixed 
with  a  sufficiency  of  water ;  it  is  closed  by  a  glass  stopper. 
The  carbon  cylinder  is  surrounded  by  a  zinc  cylinder  con- 
tained in  a  glass,  which  receives  diluted  sulphuric  acid  in 
the  proportion  of  1  to  6.  Both  zinc  and  carbon  are,  by 
means  of  clamps,  connected  with  the  coil.  The  glass  is 
placed  on  a  small  saucer  of  porcelain,  which  is  connected 
with  a  metal  rod,  by  means  of  which  it  may  be  raised  more 
or  less,  so  as  to  bring  the  different  parts  of  the  battery  into 
contact  with  each  other.  When  freshly  charged  it  is  best 
to  raise  the  glass  only  just  so  far  as  to  induce  an  effect,  but 
not  to  the  utmost  limit ;  this  having  the  advantage  of  keep- 
ing a  portion  of  the  zinc  free  from  the  action  of  the  sul- 
phuric acid.  There  is  no  fear  of  spilling  the  liquid  if  the 
machine  be  carried  about,  because  it  fills  up  only  the  lower 
third  of  the  battery. 

The  zinc  and  carbon  are  connected  by  means  of  clamps 
with  the  primary  coil  and  the  contact-breaker.  Both  coils 
are  contained  in  the  interior  of  the  case,  and  the  secondary 
may  be  drawn  over  the  piimary  by  pulling  up  a  graduated 
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rod.  The  hammer  consists  of  an  oblong  piece  of  iron  fixed 
to  a  spring,  but  so  as  to  allow  easy  motion  in  two  opposite 
directions.  As  soon  as  the  battery  current  traverses  the  coil, 
the  soft  iron  wire  of  the  coil  is  rendered  magnetic,  and 
attracts  the  hammer.  When  the  parts  are  in  this  position, 
the  conduction  is  interrupted,  as  a  platinum-pointed  screw  on 
the  other  side,  which  is  connected  with  the  coil,  becomes 
separated  from  the  hammer.     The  magnetism  of  the  electro- 


EiG.  116. — Stohrer's  Single-celled  Induction  Apparatus. 

magnet  is  therefore  lost,  and  the  latter  no  longer  attracts 
the  hammer  ;  the  consequence  is  that  this  again  touches  the 
platinum-pointed  screw,  and  re-establishes  the  communica- 
tion between  the  battery-current  and  the  coil.  Fresh 
magnetism  and  fresh  attraction  are  the  result,  followed 
again  by  cessation  of  conduction  and  magnetism.  This  play 
of  the  hammer  repeats  itself  at  regular  intervals.  The  rate 
of  succession  of  these  instantaneous  currents  is  regulated  by 
a  brass  spring  on  the  other  side  of  the  hammer,  which  is 
furnished  with  a  screw,  by  means  of  which  the  hammer  may 
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be  pressed  more  or  less  forcibly  against  the  platinum-pointed 
screw  on  the  opposite  side.  If  the  brass  spring  be  forced,  the 
play  of  the  hammer  is  retarded  ;  if  the  spring  be  relaxed,  the 
hammer  beats  more  rapidly ;  and  if  the  spring  be  entirely 
screwed  off,  the  intermittences  are  most  rapid.  The  pitch  of 
the  musical  sound,  and  the  intensity  of  the  physiological 
action,  correspond  to  these  changes  in  direct  proportion. 

Stohrer's  hammer  is  so  well  made  that  the  instrument  may 
be  used  a  long  time  before  any  oxidation  of  the  platinum 
by  the  electric  spark  is  caused.  A  certain  degree  of  oxida- 
tion would  interrupt  the  play  of  the  hammer,  and  it  may 
therefore  be  occasionally  necessary  to  remove  the  oxide  with 
the  point  of  a  pen-knife.  There  is,  however,  another  inge- 
nious contrivance  connected  with  the  hammer,  in  order  to 
prevent  the  effects  of  oxidation.  This  consists  of  a  small 
piece  of  brass,  coated  with  platinum,  and  soldered  to  that 
portion  of  the  soft  iron  which  is  opposite  to  the  platinum- 
pointed  screw.  This  brass  piece  is  pierced  in  the  centre,  so 
that  a  pin  on  a  metal  rod  may  be  inserted  into  it,  and  give 
it  a  turn,  so  as  to  bring  a  different  portion  of  the  disc  in 
contact  with  the  platinum-pointed  screw,  whereby  a  per- 
manency of  these  parts  is  to  a  great  extent  ensured. 

There  are  four  studs  for  receiving  the  conducting  wires. 
The  two  on  the  left  side  are  marked  P,  and  give  the  primary 
current,  or  that  generated  in  the  short  and  thick  wire ;  and 
the  two  on  the  right  side  are  marked  s,  giving  the  secondary 
current,  or  that  generated  in  the  long  and  fine  wire.  The 
graduation  of  the  tension  of  both  currents  is  effected  :  1st, 
by  the  greater  or  lesser  immersion  of  the  battery  plate  into 
the  exciting  liquid  ;  2ndly,  by  altering  the  play  of  the 
hammer  as  described  above ;  and  finally  by  raising  or 
depressing  the  stem  connected  with  the  outer  coil  of  wires. 
The  primary  current  may  also  be  weakened  by  connecting 
the  secondary  studs  with   a   piece  of   bent  wire,  and   then 


382 


IVIEDIOAL  ELECTRIC  APPARATUS 


raising  tbe  external  coil.     An   inner   chamber  contains  the 
electrodes  and  conducting  wires. 

b.  Stohrer's  double-celled  faradic  machine  (Fig.  117)  is 
much  larger  than  the  one-celled,  and  most  carefully  con- 
structed. The  battery  is  the  same  as  in  the  smaller  instru- 
ment, and  can  be  used  either  by  connecting  the  zinc  of  one 
with  the  carbon  of  the  other  cell,  or  by  connecting  the  two 


Pig.  117. — Stohrer's  Double-celled  Induction  Machine. 

zincs  and  the  two  carbons  amongst  each  other,  so  as  to  pro- 
duce a  single  pair  of  large  surface.  The  hammer  is  somewhat 
different,  inasmuch  as  the  platinum-pointed  screw  is  situated 
in  the  hammer  itself,  while  the  platinum  disc  is  movably 
fixed  to  a  spring,  the  action  of  which  is  regulated  by  a  screw 
behind.  The  play  of  the  hammer  may  be  modified  by  altering 
the  position  of  either  of  the  screws.  The  solidity  and  beauty 
of  construction  of  these  parts  are  beyond  praise. 
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p  and  s  are  the  same  as  in  the  smaller  instruments.  The 
graduation  of  the  two  currents  is  effected  in  the  same  manner  ; 
but  for  weakening  the  primary  current,  a  further  contrivance 
is  added,  which  consists  of  a  brass  tube  in  the  interior  of  the 
case,  covering  the  primary  coil.  This  tube  may  be  drawn 
up  or  pushed  down  by  a  small  graduated  rod,  which  is  seen 
to  the  left  of  the  core  of  iron  wire.  It  is  used  for  faradisa- 
tion of  the  face,  the  tongue,  and  other  parts  which  possess 
an  exquisite  sensibility,  and  where  a  powerful  current  cannot 
be  administered.  The  price  of  the  one-celled  induction 
machine  is  4^1.  4s.,  and  that  of  the  large,  61.  10s.  They  may 
be  procured  in  London  from  Messrs.  Krohne  and  Sesemanu, 
of  Duke  Street,  Manchester  Square,  W. 

Messrs.  Kriiger  and  Hirschmann,  of  Berlin,  have  constructed 
a  nice  portable  induction  apparatus,  which  is  nursed  by 
Leclanche's  battery,  and  is  likewise  constantly  ready  for 
action.  The  play  of  the  hammer  commences  as  soon  as  a 
stopper  is  inserted  into  a  brass  block  fitted  for  its  reception. 
There  is  only  one  pair  of  studs  for  inserting  the  conducting 
wires ;  but  by  inserting  stoppers  in  different  ways,  these 
studs  will  alternately  give  the  primary  and  secondary  ciurent. 
The  hammer  is  constructed  in  a  somewhat  different  manner 
from  Stohrer's,  but  likewise  allows  slow  and  rapid  inter- 
mittences.  Both  currents  are  easily  graduated  as  far  as 
intensity  is  concerned.  The  same  manufacturers  construct 
a  smaller  instrument  nursed  by  one  cell  of  Leclanche's.  The 
price  of  the  large  apparatus  is  3^.  15s.,  and  that  of  the 
smaller  3^.  Electrodes  and  conducting  wires  are  contained 
in  an  inner  chamber. 

Messrs.  Meyer  and  Meltzer  manufacture  an  induction 
machine  (Fig.  118)  enclosed  in  a  light  mahogany  box,  6 
inches  high,  3^  inches  deep,  and  6  inches  wide.  The  instru- 
ment therefore  occupies  only  a  small  compass,  and,  never- 
theless, gives  all  the  different  graduations  of  power  which 
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may  be  required.  The  battery  is  one  of  zinc  and  carbon,  nursed 
by  a  solution  of  bichromate  of  potash  (2  oz.)  and  sulphuric 
acid  (1  oz.)  in  19  ozs.  of  water.  The  primary  and  secondary 
current  may  be  used  without .  changing  the  position  of  the 
conducting  wires,  which  is  a  great  convenience.  The  power 
of  the   current   is  increased  or  diminished  by  moving  the 


Pig.  118. — Meyer  and  Meltzer's  Induction  Apparatus. 

dial  either  to  the   right  or  to   the  left  side.     The  price  is 
Al.  4s. 

Weiss's  Faradic  machine  (Fig.  119)  is,  like  everything 
which  issues  from  that  firm,  well  made.  The  battery  is  one 
of  carbon  and  zinc  (k),  and  is  charged  with  a  solution  of 
bichromate  of  potash  in  diluted  sulphuric  acid,  j  is  the 
handle  by  which  it  is  pulled  up  when  intended  for  use,  and  l 
the  screw  by  which  it  is  fixed  in  that  position.    The  poles  of  the 
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battery  n  m  are  connected  with  those  of  the  induction  coil  a  b, 
whereupon  the  hammer  g  begins  its  musical  performance,  c 


Fig.  119. — Weiss's  Faradic  Apparatus. 

and  D  are  the  pole-studs  of  the  induced  current,  and  connected 
with    the    conducting   wires,    the    other    ends  of  which  are 

c  c 
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screwed  on  to  the  electrodes.  If  the  primary  current  be 
required,  the  commutator  h  is  turned  on  to  cri,  and  if  the 
secondary  be  wanted,  the  position  is  reversed  to  sec.  e  is 
the  regulator  of  the  primary,  and  f  that  of  the  secondary 
current.     The  instrument  is  not  heavy,  and  can  be  carried 


Pig.   120. — Kidder's  Single-celled  Induction  Apparatus. 

about  without  fear  of  spilling  the  liquid.    The  price  is  4:1.  10 

Figs.  120  and  121  represent  faradic  machines  constructed 
by  Dr.  Kidder,  of  New  York ;  and  Fig.  122  one  made  by  the 
New  York  Galvano-Faradic  Company ;  but  which  space  does 
not  allow  us  to  describe  in  detail. 


FARADISATION 


38^ 


c.  Magneto-faradic  viachiiies  are  quite  unnecessary  for 
those  who  can  procure  volta-faradic  instruments,  but  may 
still  be  of  advantage  to  practitioners  in  the  colonies,  &c., 
where  it  may  be  sometimes  difficult  to  procure  the  exciting 
liquid  necessary  for  volta-faradic  machines. 


Fig.  121. — Kidder's  Double-celled  Induction  Apparatus. 

Pixiis'  was  the  first  rotation  machine  used  in  medicine. 
In  this  instrument  the  magnet  was  made  to  rotate,  the  soft 
iron   being    fixed.     In   all   rotation   machines,  which   have 

c  c  2 
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subsequently  been  constructed,  the  reverse  takes  place.  The 
instruments  of  Saxton,  Ettingbausen.  Keil.  Dujardin,  and 
Breton  Freres  axe  all  out  of  use. 


Stohrer''s  apparatus  (Fig.  123)  consists  of  a  borizontally- 
i)laced  horse-sboe  magnet,  composed  of  five  pieces,  and  a  soft 
ron  armature,  surrounded  by  coils  of  wires,  a  rbeotome,  and 
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an  axis  for  turning  the  armature,  1,  2,  3,  4  are  steel 
nozzles,  connected  with  the  wires  of  the  armature,  and  so 
arranged  that,  by  half  a  turn  of  the  armatm-e,  1  and  3  enter 
into  action,  while  by  the  other  half,  2  and  4,  are  touched.  A 
toothed  wheel  serves  for  the  interruption  of  the  current. 

Duchenn&s  magneto-elect ric  machine  (Fig.  124)  is  pro- 
bably only  used  by  its  inventor,    m  is  the  handle,  by  means 
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Fig.  123. — Stohrer's  Rotatory  Apparatus. 

of  which  the  soft  iron  armatm-e  (g)  is  put  in  rotation,  a  is  a 
wheel  furnished  with  64  teeth,  so  arranged  that  32  intermit- 
tences  of  the  cm-rent  are  produced  by  one  revolution  :  and  as 
the  wheel  may  be  turned  twice  in  a  second,  64  intermittences 
may  be  produced  in  that  space  of  time,  n  is  a  screw  by 
means  of  which  the  armature  may  be  approached  to,  or 
withdrawn  from,  the  magnet,  h  is  the  copper  tube  which 
regulates  the  intensity  of  the  cm-rent,  b  s  s,  the  rheotome. 
There  is  a  coil  of  thick  and  fine  wire  (e),  one  end  of  which  is 
connected  with  the  knob  p,  for  inserting  one  conducting 
wire,  while  the  other  end  communicates  with  the  support  G, 
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which  is  connected  with  the  second  knoL,  p,  by  means  of  d, 
which  reffulates  the  intermittences  of  the  current. 

o 


Pig.    124. — Duch«nne's  Mamo-electric  Machine. 


Fig.   ]  25. — Gaiffe's  Magno-electric  Machine. 


Oaiff&'s  magneto-electric  machine  (Fig.  125)  is  a  more 
simple  instrument.     Both  the  permanent  magnet  and  the 
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soft  iron  armature  are  surrounded  by  coils  of  copper  wire, 
whereby  the  power  of  .the  current  is  considerably  increased, 
without  augmenting  the  bulk  of  the  apparatus.  The  physio- 
logical effects  of  the  current  produced  by  demagnetisation 
being  stronger  than  those  of  the  current  produced  by  mag- 
netisation, only  the  former  has  been  utilised,  and  the  current 
of  Graiffe's  machine  therefore  always  moves  in  the  same 
direction. 

IV.— METHODS    OF    EMPLOYING  VOLTA-FARADISM  AND 
MAGNETO-FARADISM. 

The  method  with  which  Duchenne's  name  is  more  par- 
ticularly connected  consists  of  the  localised  application  of 
induction  currents,  while  other  physicians  have  recommended 
a  more  general  application  of  the  same  over  the  whole  body. 

a.  General  Faradisation  was  first  recommended  by  M. 
Dropsy,^  of  Cracow,  but  his  proposal  was  supported  by  such 
singular  reasoning  as  to  provoke  more  ridicule  than  serious 
attention.  He  says  that  he  has  discovered  a  physiological 
formula  for  the  distribution  of  electric  sensibility  through- 
out the  body,  according  to  which  the  top  of  the  head  is  most 
sensitive,  and  a  gradual  decrease  of  sensibility  takes  place 
towards  the  feet.  This  formula  is,  according  to  Dropsy, 
altered  in  disease,  and  the  object  of  the  treatment  is  to 
change  the  pathological  into  the  physiological  formula.  All 
that  is  necessary  for  accomplishing  this  is  to  put,  by  means 
of  a  bifurcated  director,  one  pole  of  a  magneto-faradic 
apparatus  to  the  top  of  the  head  and  the  epigastrium,  while 
a  quadrifurcated  electrode  is  made  to  connect  the  other  pole 
of  the  machine  with  both  hands  and  feet.  By  so  doing, 
the  pathological  formula  of  all  curable  diseases  is  gradually 

*  Electrotherapie,  ou  application  medicale  pratique  de  I'Electricite,  basee  sur 
de  nouveaiis  precedes.     Paris.  1857. 
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changed  into  the  physiological  one,  and  pari  passu  the 
patient  recovers.  No  diagnostic  or  methodological  qualms 
need  disturb  the  serenity  of  mind  of  an  operator  guided  by 
Dropsy's  law ;  but  unfortunately,  all  curable  diseases  are  not 
so  easily  eradicated  as  the  Cracovian  doctor  would  make  us 
believe. 

M.  Seller,^  of  Geneva,  has  recommended  a  method  which 
savours  strongly  of  mysticism.  He  condemns  the  direct 
application  of  electricity  to  the  human  body,  and  thinks  it 
preferable  to  act  from  a  distance.  The  operator  holds  two 
electrodes  traversed  by  an  induced  current  in  his  hands,  and 
passes  them  gently  through  the  air,  at  a  certain  distance  from 
the  patient's  body.  By  this  proceeding,  which  M.  Seller  has 
called  'galvanisation  by  influence,'  pain  is  said  to  be  re- 
lieved, the  muscles  strengthened,  and  curvature  of  the  spine, 
laryngitis,  asthma,  prolapsus  uteri,  consumption,  and  a  host 
of  other  diseases  cured.  It  is  difficult  to  believe  that  the 
author  has  been  serious  in  propounding  such  an  absurdity. 

A  more  sensible  attempt  to  introduce  general  faradisation 
into  medical  practice  was  made  by  M.  Grubler,^  who  proposed 
placing  both  hands  and  feet  in  four  separate  basins  filled  with 
salt  water,  and  then  sending  the  current  through  the  body  for 
fifteen  minutes  at  a  time.  He  has  seen  good  results  of  this 
method  in  cases  of  general  weakness,  loss  of  appetite,  impo- 
tency,  &c. 

Messrs.  Beard  and  Eockwell,'  of  New  York,  carry  out  a 
somewhat  different  mode  of  general  faradisation,  which  they 
believe  to  be  especially  suitable  for  cases  where  a  general 
tonic  effect  is  desired,  as  in  dyspepsia,  rheumatism,  amenor- 
rhoea,    chorea,    constipation,    anaemia,    and    other    diseases 

'  De  la  Galvanisation  par  influence.     Paris,  1858. 

*  De  I'Electrisation  g^nerale,  consideree  comma  agent  tonique  et  stimulant 
diffusible.     Bulletin  de  Therapeutique.     December  1863. 

^  The  Medical  Use  of  Electricity,  with  special  reference  to  General  Electri- 
sation.     New  York,  1867. 
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associated  with  deficient  vital  energy.  They  recommend 
the  following  mockis  operandi  : — '  Male  patients  remove  their 
stockings  and  all  their  outer  and  under  clothing  from  the  upper 
part  of  the  body  and  place  their  feet  on  a  piece  of  copper,  to 
which  the  negative  pole  is  attached,  while  the  operator  uses 
the  positive  electrode,  which  is  either  a  moistened  sponge  or 
his  hand,  thus  making  the  current  pass  through  his  own 
person  into  the  body  of  the  patient.  Ladies  remove  their 
dress  and  loosen  their  under  garments,  and  throw  over  their 
shoulders  a  shawl  or  sheet.  The  most  thorough  form  of 
application  demands  that  the  entire  surface  of  the  body 
should  be  gone  over  with  some  regard  to  order.  Special 
pains  should  be  taken  to  avoid  the  scapula,  clavicula,  sternum 
crest  of  the  ilium  and  tibia,  inasmuch  as  these  and  other 
bony  prominences  are  very  sensitive  to  the  electric  current.' 
Messrs.  Beard  and  Eockwell  are  convinced  '  that  no  instru- 
ment that  human  skill  shall  devise  can  ever  equal  the  hand 
in  flexibility  and  power  of  adaptation,'  as  the  operator  can, 
by  increasing  or  diminishing  his  grasp  of  the  sponge,  modify 
the  strength  of  the  application  without  disturbing  his 
apparatus.  When  used  in  this  way  the  current  must  pass 
through  the  body  of  the  operator.  '  To  this  the  system 
appears  soon  to  become  accustomed,  just  as  it  does  to  the 
use  of  tobacco,  alcohol,  opium,  haschish,  or  coca ;  with  this 
difference,  however,  that  the  effects  of  electricity  are,  if  any- 
thing, positively  beneficial.'  Messrs.  Beard  and  Eockwell 
mention  that  a  person  living  in  New  York  has  during  the 
past  thirty-five  years  allowed  the  stream  to  pass  through  his 
own  body  on  an  average  for  about  five  hours  each  day,  or 
about  seven  years  of  his  life ;  that  up  to  the  present  time 
the  general  health  of  the  pei  son  alluded  to  has  been  excellent, 
and  he  has  suffered  from  no  disease  that  can  even  remotely 
be  ascribed  to  electricit}'.  They  appear  to  have  obtained 
good  results  from  their  method  in  cases  of  neuralgia,  chorea. 
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amenorrhoea,  rheumatism,  and  similar  affections,  and  look 
upon  general  faradisation  as  a  tonic  and  corrective  of  the 
greatest  efficacy.  There  can  be  little  doubt  that  by  thus 
acting  on,  and  modifying  the  condition  of,  the  sentient 
nerves  of  the  skin  and  of  the  motor  nerves  and  muscles. 


EiG.  126. — General  Faradisation. 


benefit  may  result  from  the  American  method  in  certain 
functional  nervous  affections ;  but  it  is  equally  clear  that  the 
modus  operandi  must  be  extremely  tedious  to  both  operator 
and  patient.  Grenerally  speaking,  such  an  application  can- 
not take  less  than  half  an  hour,  and  yet  it  cannot  possibly, 
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in  many  instances,  be  as  useful  as  the  application  of  the  con- 
tinuous current  for  a  few  minutes.  The  choice,  under  these 
circumstances,  cannot  be  doubtful.  Moreover,  the  incon- 
venience to  the  operator  by  the  American  method  must 
be  considerable,  as  the  fingers  are  extremely  sensitive  to 
faradic  electricity.  Yet  I  can  conceive  that  the  American 
method  may  be  very  useful  in  certain  conditions  of  the 
nervous  system. 

b.  Localised  Faradisation, — This  method  was  invented 
by  M.  Duchenne,*  of  Boulogne,  who,  being  convinced  that 
all  previous  methods  of  applying  electricity  were  wrong, 
applied  himself  to  solve  the  problem  whether  it  was  possible 
to  localise  electricity  in  the  skin  without  acting  on  the  organs 
beneath  it,  or  to  make  it  traverse  the  skin  without  irritating- 
it,  for  acting  on  a  nerve  or  muscle.  The  following  facts 
are  the  basis  of  his  system  of  localised  faradisation : — 

When  the  skin  and  the  electrodes  are  dry,  and  the  epi- 
dermis very  thick,  as  it  is  in  many  persons  whose  business 
exposes  them  much  to   the   air   and   hard   work,   the   two 
currents  proceeding  from  an  induction  apparatus  meet  on 
the  surface  of  the  epidermis  without  penetrating  the  skin. 
They  produce  sparks  and  a  kind  of  crepitation,  but  no  phy- 
siological effects.     When  dry  conductors  are  placed  on  parts 
of  the  skin  which  are  sensitive  to  electricity,  the   person 
subjected  to  the  experiment  perceives  a  sensation  of  pricking 
and  heat,  which  varies   according  to  the  intensity  of  the 
current.    But  when  the  skin  and  the  electrodes  are  moistened, 
neither  sparks,  crepitation,  nor  sensation  of  heat  are  caused  ; 
but  other  phenomena  occur  which  show  that  the  electricity 
acts  on  a  muscle,  nerve,  or  on  the  surface  of  a  bone.     In  the 
last  case,  severe  pain  of  a  peculiar  character  is  caused  by  the 

*  De  I'Electrisation  localisee  et  de  son  application  a  la  physiologie,  la  patho- 
logie  et  la  therapeutique.  Paris,  1855  ;  2nd  edition,  Paris,  1861  ;  3rd  edition, 
1872. 
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current  acting  on  the  nerves  of  the  periosteum  ;  and  it  is 
therefore  considered  bad  practice  to  place  the  moistened 
electrodes  of  an  induction  apparatus  on  the  surface  of  a 
bone.  When  the  directors  are  j)laced  on  the  surface  of  a 
muscle  the  latter  contracts,  and  a  sensation  is  produced 
which  is  not  peculiar  to  the  skin,  but  always  accompanies 
the  electro-muscular  contraction,  and  is  owing  to  faradic  ex- 
citation of  the  sentient  nerves  of  the  muscles.  Finally, 
when  the  conductors  are  placed  on  the  surface  of  a  motor 
nerve,  contractions  of  all  the  muscles  animated  by  that  nerve 
are  produced. 

Duchenne  therefore  proposed  two  different  methods  of 
faradising  the  muscles,  viz.  by  localising  the  faradic  stimulus 
in  the  nervous  plexuses  or  branches,  which  communicate 
their  excitation  to  the  muscles  animated  by  them  ('  indirect 
muscular  faradisation ') ;  and  by  directing  the  current  to  the 
muscular  tissue  itself  ('direct  muscular  faradisation').  In  both 
cases  the  skin  and  the  electrodes  should  be  moistened.  For  the 
muscles  of  the  trunks  and  the  limbs  moistened  sponges  are 
used,  which  are  placed  in  metallic  cups  fixed  on  insulating- 
handles.  For  localising  the  electric  force  in  the  smaller  mus- 
cles, such  as  those  of  the  face  or  the  interossei  and  lumbricals, 
small  conical  directors,  which  are  likewise  fixed  on  insulating 
handles,  are  used.  These  conductors  should  be  covered  with 
moistened  chamois  leather,  pieces  of  glove,  or  sponge. 

Duchenne  found  that  when  the  faradic  current  was  directed 
to  particular  points  of  the  skin,  muscular  contractions  were 
more  easily  produced  than  when  the  directors  were  applied 
to  other  parts.  These  points  he  called  '  points  of  election  : ' 
but  he  did  not  state,  nor  indeed  perceive,  that  they  are  the 
points  of  entrance  of  the  motor  nerves  into  the  muscles.  This 
was  done  by  Remak,^  who  contended  that  the  degree  of  con- 

'  Ueber  methodiscbe  Electrisirung  geliihmter  Muskeln.     Berlin,  1855. 
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traction  of  a  muscle  was  exactly  proportionate  to  the  quantity 
of  motor  nerve-fibres  embraced  by  the  current  at  its  point  of 
application ;  and  that  there  was  no  direct  action  upon  the 
muscular  tissue  itself,  which  was  thrown  in  commotion  merely 
through  excitation  of  the  motor  nerves.  He,  therefore,  pro- 
poses to  call  Duchenne's  indirect  muscular  faradisation  '  ex- 
tra-muscular stimulation,'  and  direct  muscular  faradisation 
'  intra-muscular  stimulation.'  This  theory  was  more  fully 
developed  by  Ziemssen,*  who  iirst  clinically  determined  the 
precise  localities  of  these  points  of  election,  and  marked  them 
upon  the  skin  with  nitrate  of  silver.  He  afterwards  dissected 
the  motor  branches  of  the  nerves  in  dead  bodies,  and  marked 
their  points  of  entrance  into  the  muscles,  when  it  was  dis- 
covered that  the  results  of  the  two  series  of  experiments 
completely  agreed  with  one  another.  A  third  series  of  obser- 
vations was  undertaken  on  bodies  immediately  after  death, 
when  the  excitability  of  the  nerves  and  muscles  was  still 
extant.  The  motor  points  were  iirst  determined  by  faradisa- 
tion, then  marked  with  nitrate  of  silver,  and  afterwards  the 
test  of  dissection  was  applied,  in  order  to  see  whether  they 
really  corresponded  to  the  points  of  entrance  of  the  motor 
nerves  into  the  muscular  substance. 

From  these  observations  Ziemssen  concluded  that,  if  the 
epidermis  be  moistened,  and  moistened  electrodes  are  some- 
what forcibly  pressed  against  the  skin,  the  induced  current 
passes  through  the  corium,  panniculus,  fasciae,  and  layers  of 
muscular  substance,  to  the  nerves,  and  rouses  their  special 
energy,  without  acting  so  much  on  the  nerves  of  the  skin  as 
to  cause  reflex  action  or  severe  pain.  The  electricity,  how- 
ever, penetrates  into  such  a  depth  only  at  those  points  where 
the  negative  and  positive  currents  enter  the  body.  Between 
these  two  points  of  entrance  the   current  follows  the  liquids 

'  Die  Elektricitat  in  der  Medicin.  Berlin,  1857;  3rd  edition,  1866;  4th 
edition,  1872. 
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contained  in  the  tissues,  and  does  not  produce  any  stimulating 
effect^  unless  it  be  very  powerful ;  but  even  in  the  latter 
case  the  chief  effects  are  manifested,  not  in  the  whole  circuit 
enclosed  between  the  two  electrodes,  but  only  in  their  more 
immediate  neighbourhood. 

The  effects  obtained  by  intra-muscular  faradisation  are 
more  powerful  with  large  than  with  small  electrodes.  If  a 
moistened  conductor  with  a  small  surface  be  placed  on  the 
pectoralis  major,  or  deltoid  muscles,  only  a  few  fasciculi  of 
the  muscles  are  seen  to  contract,  even  if  the  current  be 
powerful ;  but  if  electrodes  be  used  which  have  a  diameter 
of  an  inch  or  more,  the  whole  substance  of  the  muscle  is 
made  to  move,  even  if  the  current  be  not  very  powerful. 
Faradism  applied  by  large  electrodes  has  less  effect  on  the 
sentient  nerves,  and  consequently  causes  less  pain,  than  if 
conveyed  by  a  small  conductor.  This  also  holds  good  where 
a  direct  action  on  the  motor  nerves  is  produced  ;  and  it  is 
therefore  advisable,  for  both  intra-muscular  and  extra- 
muscular  faradisation,  to  use  large  electrodes  in  preference 
to  small  ones.  ThQ  electrodes  which  I  generally  use  have 
two  inches  in  diameter.  It  is  different  if  it  be  intended  to 
faradise  muscles  with  a  very  small  surface,  or  fine  nervous 
fibres,  either  for  clinical  demonstration  or  for  the  purpose 
of  diagnosis.  In  such  cases  small  directors  must  be  used 
for  obtaining  a  decisive  result. 

Eemak  and  Ziemssen  have  both  denied  that  there  is  an 
irritability  proper  of  the  muscular  fibre,  and  therefore  did 
not  believe  it  possible  to  produce  muscular  contractions  by 
direct  faradic  stimulation  of  the  muscular  tissue.  The 
existence  of  Hallerian  irritability  has,  however,  now  been 
amply  proved  (p.  225),  and  it  has  been  shown  that  the  faradic 
current  may  disturb  the  molecular  equilibrium  of  the 
muscles  just  as  well  as  that  of  the  motor  nerves.  The  latter 
however  is  more  easily  disturbed  by  the  current  than  the 
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former,   and   it   is  therefore    necessary   for   causing    intra- 
muscular contractions  to  use  a  current  of  greater  power  than 
is  required  for  producing  contractions  by  faradisation  of  the 
motor  nerves.     In  the  majority  of  cases  however  the  contrac- 
tion produced  by  placing  electrodes   on  the  belly   of  tlie 
muscle  is  composed  of  cwo  elements,  viz.  intra-  and  extra- 
muscular  faradisation.     For  those  who  have  had  no  oppor- 
tunities of  studying  the  application  of  faradism  in  hospital 
practice,  preliminary  experiments  in  their  own  persons  are 
strongly  to  be  recommended  before  they  apply  the  current 
to  private  patients.     This  is  more  especially  necessary  when 
a  new  instrument  is  used,  with  which  the  practitioner  is  not 
yet    familiar.     Where    the  current  is 
to  be  applied  to  the  face  or  neck,  its 
strength  should  be  first  examined  on 
the  face  of  the  operator ;  but  if  the  ap- 
plication is  intended  for  any  other  part 
of  the  body,  the  back  of  the  operator's 
hand  is  the  best  test.     If  the  sensation 
produced    is    very     unpleasant,     the 
power  of  the  current  should  be  dimin- 
ished, and  if  no  sensation  be  produced, 
it  should  be  increased.    It  should  like- 
wise   be    borne    in   mind    that    every 
body  has  his  own  special  sensibility  to 
all  forms  of  electricity ;  and  that  it  is 
wise  to  assume,  in  the  commencement 
of  the  treatment,  rather  a  high  than  a 
low  degree  of  this  sensibility  in  a  given 
case.     It  is  very  easy  to  increase  the 
intensity  of  the  current,  if  an  insuf- 
ficient power  has  been  used  at  first ;  but  it  would  be  often 
difficult  to  obliterate  from  the  patient's  memory  the  recol- 
lection of  a  severe  shock  received  in  the  first  instance. 


Fig.  127. — Fixed  Sponge 
Electrode. 
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The  following  details  of  the  method  of  faradic  excitation 
of  the  motor  nerves  and  muscles  have  been  drawn  up  with 
special  reference  to  the  investigations  of  Duchenne  ^  and 
Ziemssen.^  It  is  only  fair  to  say  that  the  latter  must  be 
looked  upon  as  the  originator  of  the  scientific  method  of 
faradising  the  motor  nerves  and  muscles  in  the  human 
subject. 


Fig.  128.  — Earadisation  of  the  Portio  Dura. 


The  Face. — According  to  Duchenne,  the  trunk  of  the  jportio 
dura  may  be  excited  from  the  external  meatus,  by  pressing  a 
small  electrode  against  its  lower  side  ;  but  as  this  proceeding- 
is  very  painful,  it  is  better  to  put  the  electrode  into  a  small 
fossa  which  is  seen  in  the  concha  of  the  ear,  just  below  the 
porus  acusticus  externus ;  or  to  the  nerve  where  it  emerges 
from  the  stylomastoid  foramen,  below  the  concha,  and  be- 

1  Physiologic  des  Mouvemeuts.  Paris,  1867.  Mecanisme  de  la  Physio- 
gnomie  humaine.     Paris,  1862. 

^  Loc.  cit.  p.  237.  The  woodcuts  in  this  section  have  been,  by  special  per- 
mission, copied  from  Prof.  v.  Ziemssen's  work. 
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tween  the  mastoid  process  and  tlie  condyloid  process  of  the 
lower  jaw.  As  soon  as  these  points  have  been  touched,  there 
is  a  fearful  grimace :  the  patient  frowns  on  one  side,  closes 
his  eye,  and  nose  and  mouth  become  displaced  in  a  truly 
appalling  manner. 

Branches  of  the  Portio  Dura. — The  ramus  auricularis 
posterior,  which  animates  the  occipital  muscle,  the  retra- 
hentes  auriculae  and  the  attollens,  is  found  just  behind  where 
the  cartilage  of  the  ear  is  connected  with  the  skull,  at  the 
anterior  j)ortion  of  the  mastoid  process.  Faradisation  of  it 
causes  the  ear  to  be  raised  backwards  and  upwards,  and  the 
scalp  to  be  drawn  backwards. 

The  ramus  auricularis  posterior  sub-divides  into  a  posterior 
and  anterior  branch,  either  of  which  may  be  separately  acted 
upon.  Faradisation  of  the  posterior  branch  moves  the  scalp, 
while  stimulation  of  the  anterior  branch  draws  the  ear  in 
the  directions  just  described.  A  small  branch  of  the  same 
nerve  animates  the  tragicus  and  antitragicus  muscles,  and 
may  be  found  on  the  mastoid  process..  Faradisation  of  it 
causes  narrowing  of  the  fissura  intertragica,  and  wrinkling 
of  the  skin  ;  the  antitragus  is  approached  to  the  tragus,  and 
both  are  drawn  upwards  and  inwards. 

The  branches  of  the  portio  dura  which  animate  the 
stylohyoid  and  digastricus  muscles  may  be  separately 
faradised  only  in  people  who  are  very  thin,  by  pressing  a  fine 
electrode  behind  the  condyloid  process  of  the  low^er  jaw.  Fat 
and  a  well-developed  platysma  myoides  frequently  imj)ede 
the  success  of  this  experiment.  If  it  answers,  the  hyoid  bone 
is  moved  outwards,  backwards  and  upwards. 

The  larger  branches  of  the  portio  dura  may  be  easily  found 
on  the  parotid  gland,  but  varieties  are  of  not  unfrequent 
occurrence.  The  branches  for  the  Muse,  attrahentes  auri- 
ciilce  and  attollens  auricidce,  may  be  faradised  on  the 
zygomatic  process  of  the  temporal  bone,  and  when  excited, 

D  D 
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cause  the  concha  to  be  raised  upwards  and  forwards.  The 
branch  for  the  frontal  muscle  is  found  on  the  zygomatic 
arch  and  the  temple.  This  muscle  is  also  accessible  to  direct 
or  intra-muscular  faradisation,  but  its  contraction  is  then  not 
so  thorough,  nor  so  easily  observed,  as  when  its  own  special 
Tuotor  nerve  is  faradised.  The  forehead  then  shows  a  number 
of  horizontal  wrinkles,  which  vary  in  depth  and  intensity 
according  to  age,  and  also  to  the  strength  of  the  cm-rent. 
The  glabella  and  the  upper  eyelids  are  at  the  same  time 
displaced. 

The  branch  for  the  corrugator  supercilii  is  found  in  a 
line  crossing  the  zygomatic  arch  in  a  direction  from  the 
external  opening  of  the  ear  upwards  to  the  brow.  Its  con- 
traction depresses  the  brow,  so  that  the  eye  becomes  shaded 
in  a  direction  from  above  and  without.  A  maximum  of  con- 
traction causes  the  brow  to  cover  the  upper  eyelid.  One 
portion  of  the  muscle,  at  the  same  time,  raises  the  inner 
portion  of  the  brow  upwards  and  inwards,  and  the  skin  of 
the  forehead  is  vertically  wrinkled. 

The  motor  branch  for  the  orhiculams  palpebrarum  may 
be  faradised  on  the  zygomatic  bone,  or  beyond  the  same,  on 
the  parotid  gland.  Xear  the  margin  of  the  orbit  this  branch 
subdivides  into  an  upper  and  a  lower  one,  which  go  severally 
to  the  upper  and  lower  portion  of  the  muscle.  When 
faradised  before  the  division  has  taken  place,  this  branch 
causes  the  eye  to  be  completely  closed,  and  the  skin  of  the 
eyelids  to  be  wrinkled. 

The  zygornatieus  major  muscle  may  be  indirectly  faradised 
by  placing  a  fine  electrode  to  the  lower  and  external  edge 
of  the  zygomatic  bone :  but  its  branch  is  very  close  to 
the  branch  of  the  orbicularis,  so  that  they  are  often  faradised 
together.  As,  however,  the  nerve  is  easily  pressed  against  the 
zvD-omatic  bone,  its  isolated  faradisation  offers  no  difficul- 
ties.     The  effect  is,  that  tlie  angle  of  the  mouth  and  part  of 
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the  upper  lip  are  drawn  upwards  and  outwards,  and  the  skiu 
of  the  cheek  is  wrinkled. 

The  zygomaticus  ininor  niuscls  is  best  faradised  on  the 
inferior  edge  of  the  zygomatic  bone,  just  where  it  unites  with 
the  upper  jaw-bone.  The  effect  is,  that  the  upper  lip  is 
drawn  upwards  and  outwards :  and  as  the  ramifications  of 
the  supra-orbital  nerve  (from  the  fifth)  are  at  the  same  time 
faradised,  the  proceeding  is  decidedly  unpleasant. 

The  levator  labii  superioris  is  not  very  easily  put  into 
isolated  faradic  contraction,  principally  because  the  infra- 
orbital nerve  is  just  behind  it,  and  causes  reflex  movements 
by  its  faradic  stimulation.  It  raises  the  upper  lip  nearly  in 
a  perpendicular  direction,  and  the  teeth  become  visible  if  its 
contraction  is  thorough. 

The  levator  labii  superioris  aloique  nasi  may  be  faradised 
at  a  point  corresponding  to  the  lower  end  of  the  superior 
third  of  the  side  of  the  nose,  and  raises  the  upper  lip  and 
lateral  cartilages  of  the  nose. 

The  compressor  and  pyramidalis  nasi  may  be  faradised 
from  a  point  only  little  above  the  one  just  described.  The 
skin  of  the  nose  is  thereby  wrinkled  :  the  skin  of  the  glabella 
is  smoothed  by  being  pulled  downwards  ;  and  the  inner  part 
of  the  eyebrow  is  drawn  downwards  and  inwards. 

The  orbicularis  oris  muscle  receives  four  branches  of  the 
portio  dura,  viz.  one  for  each  side  of  each  lip,  and  requires 
therefore  to  be  faradised  by  four  electrodes  simultaneously 
in  order  to  be  completely  contracted.  The  branch  for  the 
buccinator  muscle  is  found  at  the  internal  border  of  the 
masseter ;  but  the  muscle  may  also  be  faradised  from  the 
oral  cavity  :  the  mucous  membrane  is  then  strongly  wrinkled, 
and  the  cheek  pressed  against  the  teeth. 

The  triangularis  rnenii  receives  a  branch  which  aLso 
spends  motive  power  to  the  mentalis,  while  the  quaclratus 
menti   must  be   faradised   intra-muscularly.      The    levator 
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menti,  on  the  other  hand,  receives  a  small  branch  from  the 
portio  dura  which  may  be  directly  faradised.  The  masseter 
and  temporalis  must  be  directly  faradised,  on  account  of  the 
deep  situation  of  their  nerves. 

The  Nerves  and  Muscles  of  the  Neck. 

The  subcutaneous  colli  may  be  indirectly  faradised  by 
putting  one  electrode  to  the  inner  edge  of  the  middle  por- 
tion of  the  sterno-cleido-mastoid  muscle,  and  the  other  to  the 
middle  of  the  ascending  branch  of  the  lower  jaw  ;  the  former 
excites  the  nerves  going  to  this  muscle  from  the  cervical 
plexus,  and  the  latter  the  branches  proceeding  towards  it 
from  the  portio  dura.  The  external  branch  of  the  accessory 
verve  is  found  behind  the  sterno-cleido-mastoid  muscle, 
where  it  proceeds  to  the  trapezius.  When  this  is  faradised 
the  cervical  spine  is  flexed,  the  lower  jaw  pushed  forwards, 
and  the  head  so  turned  towards  its  axis  that  the  face  is 
turned  towards  the  opposite  side  ;  at  the  same  time  the 
shoulder  is  raised,  and  approached  to  the  mastoid  process. 

The  sterno-cleido-mastoid  may  be  faradised  by  putting  the 
electrode  a  little  below  the  points  from  where  the  accessory 
nerve  is  faradised.  If  both  muscles  are  faradised,  the  face  is 
drawn  forwards,  the  chin  raised,  and  the  cervical  spine 
strongly  flexed.  The  trapezius  is  indirectly  faradised  by  put- 
ting the  electrodes  to  the  terminal  branch  of  the  accessory 
nerve,  which  is  very  superficial.  If  both  muscles  are  fara- 
dised, both  shoulders  are  raised,  and  the  shoulder-blades 
drawn  towards  the  spine. 

The  hypoglossus  nerve  may  be  reached  above  the  large 
cornu  of  the  hyoid  bone,  before  the  hyoglossus  muscle.  A 
branch  for  the  omohyoid  muscle  is  found  at  the  inner  edge 
of  the  sterno-cleido-mastoid  muscle,  while  the  sterno-thyroid 
and  thyro-hyoid  must  be  directly  faradised. 

Tine  phrenic  nei've,  which,  takes  its  rise  from  the  third, 
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fourth,  and  fiffcli  cervical  pairs,  proceeds  downwards  and  in- 
wards in  front  of  the  scalenus  anticus  muscle,  before  it 
reaches  the  mediastinum  and  the  diaphragm.  It  is  acces- 
sible "to  faradism  on  the  anterior  surface  of  the  scalenus 
anticus.  Moistened  sponge  conductors  are  pressed  to  the 
points  just  mentioned,  when  an  artificial  inspiration  is  pro- 
duced ;  the  thorax  is  expanded,  and  the  air  rushes  with  force 
into  the  lungs.  By  faradisation  of  the  phrenic  it  is  possible 
to  maintain  respiration  for  some  time  after  death ;  and  the 
proceeding  has  been  successfully  employed  in  cases  of  asphyxia 
where  other  means  had  already  been  used  and  failed. 

The  posterior  thoracic  nerve  is  found  a  little  below  the 
external  accessory,  and  when  faradised  causes  contraction  of 
the  rhomboid  and  serratus  posticus  superior  muscles ;  the 
shoulder-blade  is  drawn  towards  the  vspine  and  upwards,  and 
the  upper  ribs  are  gently  raised.  The  lateral  thoracic  nerve, 
which  animates  the  serratus  anticus,  is  found  closely  above 
the  collar-bone,  and  near  the  edge  of  the  trapezius.  If 
faradised,  the  shoulder-blade  is  pushed  forwards  and  out- 
wards, and  the  acromion  is  raised,  so  that  the  space  between 
the  spine  and  the  shoulder-blade  becomes  nearly  double  that 
of  the  opposite  side.  The  collar-bone  is  removed  from  the 
thorax,  and  the  supra-  and  infra-clavicular  fossa  become 
hollowed. 

The  anterior  thoracic  nerve  may  be  found  either  above  and 
behind  the  collar-bone,  or  after  having  passed  below  it,  at 
the  upper  border  of  the  'pectoralis  major  muscle.  Faradisa- 
tion of  it  causes  the  arm  to  be  adducted  to  the  chest,  so  that 
the  elbow  is  placed  to  the  mammillary  line. 

Nerves  and  Muscles  of  the  Upper  Extremities. 
The   axillary   nerve,  which  animates   the    deltoid,   may 
occasionally  be  directly  faradised  in  the  armpit,  or  where 
the  nerve  winds  itself  round  the  humerus.     The  musculo- 
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cutaneous  nerve  is  found  in  the  sulcus  between  the  coraco- 
brachial and  the  biceps  muscles.  The  fore-arm  is,  by  its 
faradisation,  powerfully  flexed,  in  consequence  of  the  contrac- 
tion of  the  biceps  and  brachialis  internus  muscles.  The 
median  nerve  may  be  reached  on  the  inner  and  inferior  third 
of  the  humerus,  next  to  the  brachial  artery ;  its  faradisation 
causes    contractions  of  the   pronator   teres   and    quadratus, 


M.  biceps. 


N.  muscnlo-cntan. 


Pig.  129. 

radialis  internus,  palmaris  longus,  flexor  digitorum  sublimis 
et  profundus,  the  muscles  of  the  ball  of  the  thumb,  and  the 
first  three  lumbricals.  The  fore-arm  is  pronated,  the  hand 
flexed  towards  the  radial  side,  the  fingers  flexed,and  the  thumb 
opposed.  At  the  fore-arm  this  nerve  is  found  quite  superficial, 
about  an  inch  above  the  wrist,  between  the  tendons  of  the 
radialis  internus  and  palmaris  longus  muscle.     If  faradised 
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in  this  place,  the  thumb  is  abducted  and  opposed,  and  the 
fisrt  phalanges  of  the  ind-ex  and  second  finger  are  feebly  flexed. 
The  pronator  teres  muscle  receives  one  branch  from  the 
external,  and  another  from  the  internal  side  of  the  median 
nerve  at  the  bend  of  the  elbow.  "The  jflexor  digitorum  sub- 
limis  and  profundus  muscles  have  to  be  directly  faradised,  as 
their    nerves  are  not   superficial ;    while    branches    for    the 


Cap.  ext.  M.  trieip.. 
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K.  radialis. 
M.  brach.  int. 


M.  supiii.  long. 

M.  radialis  ext.  longiis. 


•   .\ 


M.  radialis  ext,brevis. 


Fig.  130. 

radialis  internus  and  palmaris  longu«  muscle  may  be  dis- 
covered at  nearly  the  same  level  below  the  elbow.  The  flexor 
poUicis  longus  may  be  faradised  by  putting  the  electrodes 
above  the  wrist,  between  the  tendons  of  the  radialis  internus 
and  supinator  longus  muscles. 

The  branches  of  the  median  nerve  for  the  abductor  pollicis 
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Fig.  131. — M.  opponens 
poUicis. 


brevis,  opponens  pollicis,  and  flexor  pollicis  brevis,  are  found 
close  together.  The  branches  for  the 
lumbrical  muscles  are  likewise  easily 
discovered. 

The  ulnar  nerve  is  best  faradised  in 
the  space  between  the  olecranon  and 
internal  condyle.  This  proceeding- 
causes  contractions  of  the  ulnaris  in- 
ternus, flexor  digitorum  profundus,  pal- 
maris  brevis,  the  muscles  of  the  fourth 
finger,  the  interossei,  the  lumbricalis 
quartus,  and  adductor  pollicis.  The 
ulnar  nerve  is  quite  superficial  on  the 
ulnar  side  of  the  fore-arm,  at  the  radial 
side  of  the  tendon  of  the  ulnaris  internus  muscle.  Faradi- 
sation of  the  same  hollows  the  hand,  adducts  the  thumb,  and 
flexes  and  opposes  the  fourth  finger,  while  the  other  fingers 
are  flexed  in  their  metacarpo-phalangeal  joints. 

The  ulnar  nerve  is  also  easily  reached  on  its  way  towards 
the  wrist,  at  the  radial  side  of  the  tendon  of  the  ulnaris 
internus  muscle.  The  branch  for  the  abductor  of  the  little 
finger  is  found  at  the  external  side  of  the  pisiform  bone  ;  that 
one  for  the  flexor  of  the  little  finger  about  half  an  inch 
in  front  of  the  hamulus  ossis  hamati,  and  that  one  for  the 
opponens  of  the  little  finger  a  little  fm-ther  inwards  and 
forwards.  The  branch  for  the  adductor  of  the  thumb  is 
reached  between  the  metacarpal  bones  of  the  first  and  second 
finger. 

The  interossei  muscles  may  be  directly  faradised  on  the 
back  of  the  hand,  and  each  one  of  them  will  answer  separately 
to  a  faradic  current  of  moderate  power.  A  stronger  current 
causes  likewise  contractions  of  the  internal  interossei,  where- 
by the  fingers  are  stretched,  and  the  first  phalanx  flexed 
towards  the  metacarpus. 
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The  radial  nerve  is  most  accessible  at  the  junction  of  the 
two  ujDper  thirds  with  the  lower  third  of  the  humerus,  at 
about  the  middle  between  the  insertion  of  the  deltoid  muscle 
and  the  external  condyle,  and  a  little  outwards  from  that 


M.  radialis  intemus. 


M.  flexor  digitorum  pro- 
fundus. 


M.  flexor  digitorum 
sublimis. 


M.  flexor  pollicis  longus. 
N.  medianus. 

M.  abductor  pollicis  brevis. 


M.  opponens  pollicis.  /.;-.^ ;W  ■'•'■     4^' 

M.  flexor  pollicis  breviij.        /_    ^jf*^,..^-,-'?-''''.:'  i.---  •-^™•■ 
M.  adductor  pollicis.       "/  ".'c^  f  .,;^:--^''      ,...#-- 
M.  lumbricaUs  I.  ■">  .■.riliii'"rr.S» -'■         '--••■. -jfl- 

I- 


Earn.  IsT.  med.  pro  M. 

pronat.  ter. 
M.  palmaris  longus. 


M.  ulnaris  intemus. 


M.  flexor  dig.  sublimis, 


digitt.  n.  and  III. 
N,  ulnaris. 


Earn.  Tolaris  prof. 
N.  ulnaris. 

M.  palmaris  brerts. 

M.  abductor  digiti  minimi. 

M.  flex,  digiti  min. 

M.  opponens  digit,  min. 

Mm.  lumbricalesll.,  III., 
and  lY. 


Fig.  132. 


point.  The  triceps  muscle  is  best  directly  faradised,  as  the 
branches  given  to  it  by  the  radial  nerve  are  not  superficially 
situated.  The  same  holds  good  for  the  supinator  longus 
muscle.  Faradisation  of  the  radial  nerve  causes  contractions 
of  the  supinator  brevis,  ulnaris  externus,  radialis  externus, 
extensor   digitorum   communis,    extensor   indicis  et    digiti 
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minimi  proprius,  extensor  poUicis  longus  and  brevis,  and 
abductor  pollicis ;  therefore  we  see  supination  of  the  fore- 
arm, with  extension  of  the  hand  and  thumb,  and  extension 
of  the  first  phalanges  of  the  other  fingers. 


^;    •■■--/- M.  supinator  longus. 

;;ii«- /.-_. M.  radialis  ext.  longus. 

\    t  ■        \ 

•!\  ^~?      1    •---J- M.  radialis  ext.  brevis. 

t       I  1- 4 M.  extensor  digitt.  communis. 

"^     *  I  1 f M.  extensor  indie,  propr. 

lisSjAs-       V-'-i--— M.  extensor  ind.  propr. 

Ms  *'         \--J" ^^  ^-  abductor  pollicis  longus. 

m?  \'a M.  abductor  pollicis  longus. 

iM'i:  \~\ - M.  extensor  pollicis  brevis. 

'"W^^\    *■— -J- '^-  flexor  pollicis  longus. 


M.  ulnaris  externus. 
M.  extensor  digit,  min.  propr. 

M.  extens.  indie,  propr.. 
M.  extensor  poll,  longus. 

M.  abductor  dig.  min. 
M.  inteross.  dors.  IV.. 


A M.  inteross.  dors.  I. 


.11.  inteross.  dors.  II. 
■■M.  inteross.  dors.  III. 


Fig.  133. 


The  extensor  communis  digitorum  receives  two  branches, 
but  in  most  persons  direct  muscular  faradisation  is  necessary. 
By  it  the  hand  and  fingers  are  extended,  and  the  latter 
separated  from  one  another,  while  the  last  phalanges  remain 
slightly  flexed,  being  quite  independent  of  this  muscle,  and 
obeying  the  influence  of  the  interossei.     The  ulnaris  externus 
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muscle  is  also  best  directly  faradised.  The  ancouaeus  quartus 
receives  two  small  branches  from  the  radial  nerve,  which, 
when  faradised,  cause  feeble  extension  of  the  fore-arm.  The 
abductor  pollicis  longus  receives  a  branch  which,  when  fara- 
dised, causes  the  first  and  second  phalanx  of  the  thumb  to  be 
abducted  towards  the  radial  side.  Most  of  the  other  muscles 
are  only  accessible  to  direct  faradisation. 


il.serratus  magnus, 
M.  latiminns  dorsi. 


Jlns.  obliq.  abdom. 
ext.  (Nervi  inter- 
costales  abdom.) 


M.  Iransversus  ab- 
dominis. 


Fig.  134.— Muscles  of  the  Trunk. 


Muscles  of  the  Trunk. 

The  external  intercostal  muscles  may  be  faradised  by 
pressing-  a  fine  electrode  against  the  lower  border  of  the  rib, 
near  the  origin  of  the  serratus  magnus  ;  they  cause  a  plainly 
perceptible  elevation  of  that  rib  which  is  below  the  electrode. 
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and  the  one  following  the  latter.     The  movements  of  respi- 
ration do  not  alter  these  phenomena. 

The  intercostal  abdominal  nerves  may  be  separately  fara- 
dised  in  the  intercostal  spaces.  The  rectus  abdominis  receives 
motor  branches  at  its  external  border,  while  further  on 
these  are  covered  oy  the  obliquus  abdominis  muscle.     The 


M.  tensor  fascise  lat. 
(Ram.  N.  glutsei  sup.) 


M.  tensor  fascife  latse 
(Ram.  N.  cruralis). 


M.  rectus  femoris. 


M.  vastus  esternus 


M.  vastus  externus. 


N  cruralis. 

N.  obturatorius. 

M.  sartorius. 

M.  adductor  longus. 

Ram.  K".  cruralis  pro  M.  quadricip. 

M.  crm-alis. 


Ram.  N.  cruralis   pro  M.  vasto 
interno. 


Fig.  135. 


other  nerves  of  the  abdominal  muscles  may  be  faradised  on 
the  points  indicated  by  the  diagram. 


Muscles  of  the  Loiuer  ExtTemities. 

The  muscles  of  the  hip  and  thigh  require  more  faradic 
power  than  other  muscles,  because  the  skin  and  the  panni- 
culus  adiposus  covering  them  are  thicker,  and  the  proportions 
of  the   muscles   themselves   larger.      The  leg,  however,  is 
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much  more  sensitive  to  faradism  than  the  thigh.  Slight 
variations  in  the  coiu'se  of  the  motor  nerves  are  of  frequent 
occurrence. 

The  crural  nerve  is  easily  discovered  in  the  groin,  and 
whenfaradised  causes  extension  of  the  leg.    The  chief  branch, 


II.  adductor  magnus. . . 

31.  semitendlnosus.-- 
M.  semimembranosus.  - 


M.  gastrocnemius  inttrnus, 


Earn.    inf.  N.  glut.  inf.    pro 

M.  glut,  max, 
N.  ischiadicus. 
M.  biceps  (caput  longum). 


31.  biceps  (caput  breve). 


K.  tibia 


N.  peroneu 

31.  gastrocnem.  ext. 


31.  soleus. 


Fig.  136. 


which  animates  the  rectus,  is  found  at  the  inner  border  of 
the  muscle.  The  position  of  the  branches  for  the  other 
muscles  is  pointed  out  in  fig.  136.  The  obturatorius  nerve 
may  be  reached  by  placing  the  electrode  vertically  to  the 
ramus  horizontal  pubis ;  or  more  easily  to  the  inner  and  pos- 
terior circumference  of  the  thigh. 
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The  ghdceal  nerves  are  too  deeply  situated  to  be  reached 
by  the  faradic  current,  but  intra-muscular  faradisation  causes 
decided  contraction  of  the  glutsei  muscles.  The  sciatic  nerve 
may  befaradised  betweers  the  trochanter  major  and  the  tuber 
ischii,  and  causes  flexion  of  the  leg,  with  contraction  of  all 


N.  peroneus, 
M.  eastroonem.  ext, 


M.  soleus 


M.  extensor  digitt.  com 
munis  longus. 


M.  peroneus  brevis. 


M.  flexor  halluc.  long.  .. 


mun.  brevis. 


M.  abductor  digit,  mini- 
mi pedis. 


M.  extensor  digitt.  com-  -^l^jil 


M.  peroneus  longus. 
M.  tibialis  anticus. 


M.  extensor  halluc.  long. 


Earn.  N.  peron. prof,  pro 
M.  estens.  digitt.  brevi 


c  Mm.  interossei  pedis 
'      dorsales. 


Fig.  137. 


the  muscles  of  the  leg-  and  foot.  A  powerful  current  is 
necessary  for  this,  because  the  nerve  is  covered  by  the  large 
flexor  muscles  of  the  thigh.  The  points  for  faradising  the 
muscles  on  the  back  of  the  thigh  are  seen  in  the  diagram. 

The  peroneal  nerve  is  accessible  at  the  posterior  circum- 
ference of  the  capitulum  fibvilse,  while  the  tibial  may  be 
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faradised  in  the  middle  of  the  posterior  surface  of  the  knee- 
joint.  Faradisation  of  the  peroneal  nerve  causes  contraction 
of  the  peroneal  muscles,  the  tibialis  anticus,  extensor  digi- 
torum  communis  longus  and  brevis,  and  extensor  hallucis 
longus.  The  motor  points  for  the  several  muscles  in  front  of 
the  leg  are  shown  in  the  annexed  figure.     Faradisation  of 


M.  gastrocnemius. 
M.  soleus. 


M.  flexor  digittrcommuu.  longus. 


M.  abductor  hallucis. 


Fig.  138. 


the  tibial  nerve  causes  contraction  of  all  the  muscles  at  the 
back  of  the  leg  and  the  sole  of  the  foot.  The  motor  points 
for  the  gastrocnemius,  soleus,  flexor  digitorum  communis 
longus,  and  abductor  hallucis,  are  shown  in  Fig.  138. 

2.  Faradisation  of  the  Skin. — By  this  proceeding  we  are 
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able  to  excite  the  sensibility  of  the  nerves  of  the  skin  in  the 
highest  degree  without  injuring  that  organ.  If  a  current  of 
high  tension  be  applied  to  the  skin  by  means  of  a  wire  brush, 
erythema  is  produced,  which  disappears  soon  after  the  appli- 
cation :  but  destructive  effects  are  never  caused.  For 
faradising  the  skin,  this  as  well  as  the  conductors  should  be 
dry ;  for,  if  it  be  moist,  the  electric  current  traverses  it  and 
proceeds  to  the  muscles. 

As  the  sensibility  of  the  skin  varies  in  different  parts  of 
the  body,  there  should  be  different  proceedings  for  cutaneous 
faradisation.  The  following  are  the  principal  methods  of  it 
recommended  by  Duchenne  : — 

a.  Faradisation  by  the  Electric  Hand. — The  patient  takes 
hold  of  one  of  the  conducting  wires  of  the  apparatus,  while 
the  other  wire  is  held  by  the  operator.  The  skin  of  the 
part  which  is  to  be  faradised  is  then  dried  with  a  little  violet 
powder,  after  which  the  operator  rapidly  passes  the  back  of 
his  disengaged  hand  over  it.  If  a  current  of  some  power  be 
used,  the  electric  hand  produces  a  decided  but  rather  pleasant 
sensation  on  the  face,  while  it  acts  only  little  on  other  parts 
of  the  body.  A  crepitating  noise  produced  by  the  rapid 
passage  of  the  electrified  hand  over  the  skin  is  there  the  only 
perceptible  phenomenon.  Distinct  sensations  may,  however, 
be  caused  even  in  those  parts  by  increasing  the  intensity  of 
the  current. 

b.  The  second  proceeding  is  faradisation  by  solid  ^metallic 
directors,  which  are  fixed  on  insulating  handles.  The  skin 
should  be  dry,  as  before  ;  but  if  the  epidermis  be  very  thick 
or  hard,  as  it  is  on  the  palms  of  the  hands  and  the  soles  of 
the  feet,  it  may  be  slightly  moistened  in  order  to  diminish 
the  resistance.  Where  it  is  necessary  to  cause  a  powerful 
effect  on  one  particular  point,  the  electrodes  are  held  for 
some  time  continuously  in  contact  with  the  skin.  Solid 
metallic  directors,  thouo-h  acting  energetically  on  the  skin 
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of  the  face  and  the  trunk,  are  often  insufficient  for  the  hands 
and  feet,  whatever  may  be  the  intensity  of  the  current. 

c.  In  such  cases  fine  metallic  luire-hrushes  are  emplo3'ed, 
which  are  likewise  fixed  on  insulating  handles.  The  skin 
should  be  lightly  touched  by  these  wires,  but  sometimes  it  is 
necessary  to  leave  them  longer  in  contact  with  it.  This 
proceeding  is  exceedingly  painful,  and  if  the  proposal  to 
substitute  electric  shocks  for  the  '  cat '  as  a  punishment  in 
the  army  were  ever  carried  into  effect,  faradisation  of  the  skin 
by  metallic  wire-brushes,  with  the  maximum  power  of  a 
good  apparatus,  would  be  the  best  method  for  it. 

I  have  already  alluded  to  the  exquisite  faradic  sensibility 
of  the  skin  of  the  face.  A  current  of  low  tension  applied 
inhere  causes  an  effect  which  is  not  felt  in  any  other  part  of 
the  body.  Faradic  sensibility  is  stronger  near  the  middle 
of  the  face — that  is,  in  the  eyelids,  the  nose,  and  the  chin — 
than  on  the  cheeks.  On  the  forehead  there  is  not  so  much 
sensibility  as  on  the  face,  and  on  the  scalp  still  less.  The 
neck  and  trunk  are  more  sensitive  than  the  extremities  ;  the 
cervical  and  lumbar  region  more  than  the  other  portions  of 
the  back  ;  the  inner  and  anterior  surface  of  the  extremities 
more  than  the  external  and  posterior  parts  of  the  same.  The 
skin  of  the  hands  and  feet  is  only  affected  by  a  current  of 
high  tension.  Faradisation  of  the  skin  has  proved  useful  in 
cases  of  anaesthesia,  neuralgia,  and  hysterical  paralysis. 

3.  Faradisation  of  the  Internal  Organs. — The  memhrana 
tympani  may  be  faradised  in  certain  cases  of  nervous  deaf- 
ness, more  especially  if  the  continuous  current  should  have 
failed  to  do  good.  The  proceeding  is  the  same  as  that 
adopted  for  galvanisation  of  the  auditory  nerve  ;  the  nega- 
tive electrode  should  be  in  the  ear,  and  the  positive  outside. 
A  reverse  arrangement  of  the  poles  does  not  produce  the 
characteristic  physiological  effects  which  have  been  pre- 
viously described. 

E  E 
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In  cases  of  loss  of  smell,  a  gentle  induced  current  may  be 
applied  to  the  mucous  membrane  of  the  nose,-  especially  if 
the  practitioner  does  not  possess  a  constant  battery.  A 
moistened  director  is  placed  on  the  nape  of  the  neck,  and  an 
insulated  conductor  with  a  metallic  top  conducted  over  the 
whole  of  the  Schneiderian  membrane.  For  stimulating  the 
optic  and  gustatory  nerves,  however,  the  continuous  current 
must  be  employed,  as  faradism  has  scarcely  any  effect  on  them. 

Faradisation  of  the  rectum  and  of  the  muscles  of  the  anus 
has  been  used  for  the  cure  of  atony  of  that  portion  of  the 
hnwel,  prolapsus  ani,  &c.,  and  may  be  useful  where  want  of 
muscular  tone  is  the  cause  of  the  disorder.  A  conductor 
which  has  been  previously  described  (p.  325)  is  introduced 
into  the  rectum,  and  connected  with  one  of  the  poles  of  the 


Pig.  1 39. — Puchenne's  Double  Electrode  for  the  Bladder. 

apparatus ;  another  moistened  electrode  being  applied  out- 
side, near  the  anus.  Previous  to  this  operation  the  rectum 
should  be  cleared  out  by  enemata.  The  anus  of  healthy 
persons  is  extremely  sensitive  to  faradisation,  so  that  even  a 
feeble  current  applied  to  it  may  cause  tenesmus ;  but  where 
there  is  much  want  of  tone  in  this  part,  even  a  powerful 
current  is  borne  without  inconvenience. 

Faradisation  of  the  bladder  is  sometimes  useful  in  atony 
and  paralysis  of  that  organ.  For  this  purpose  Duchenne  has 
recommended  an  instrument  (Fig.  139)  composed  of  two  flex- 
ible metallic  wires,  contained  in  an  india-rubber  tube  with  a 
double  channel,  so  that  they  are  insulated  from  one  another. 
That  end  of  the  instrument  which  is  to  be  introduced  into 
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the  bladder  is  so  shaped  that  the  wires,  on  being  approached 
to  each  other,  present  the  form 
of  an  ordinary  catheter.  When 
the  instrument  is  in  the  blad- 
der the  outer  ends  of  the  wires 
are  moved  forward  for  about 
an  inch  or  so,  whilst  the  india- 
rubber  tube  remains  in  its 
place,  and  the  inner  ends  of 
the  director  are  thus  removed 
from  each  other.  The  bladder 
should  be  emptied  before  the 
operation,  as  otherwise  the 
neutralisation  of  the  two  con- 
trary electricities  would  not  be 
effected  through  the  muscular 
tissue  of  the  organ.  When 
the  conducting  wires  of  the  ap- 
paratus are  connected  with  the 
outer  ends  of  the  wires 'of  the 
director,  the  current  will  pass 
through  the  tissue  of  the  blad- 
der. Duchenne's  instrument, 
however,  is  too  complicated 
and  easily  gets  out  of  order,  so 
that  it  is  much  better  to  intro- 
duce into  the  bladder  a  simple 
director,  such  as  has  already 
been  described  for  galvanisa- 
tion of  the  urethra,  the  bladder 
being  at  the  time  filled  with 
urine,  and  to  place  an  ordinary 
moistened  electrode  to  the  pe- 
rinseum,  or  over  the  os  pubis. 

E  B   2 


Fig.  140. — Mackenzie's  Laryngeal 
Electrode. 
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The  muscles  of  the   'pharynx  may  be   faradised  with  a 
director  similar  to  that  used  for  other  internal  organs. 

Faradisation  of  the  larynx  has  proved  useful  in  aphonia 
resulting  from  loss  of  power  in  the  vocal  cords.  The  larynx 
may  be  faradised  directly  or  indirectly.  Direct  faradisation 
of  the  larynx  has  been  chiefly  practised  by  Dr.  Morell  Mac- 
^kenzie  and  Prof.  v.  Ziemssen.  One  electrode  is  introduced 
into  the  glottis,  with  the  aid  of  the  laryngoscope,  while  the 
Other  director  is  applied  externally.  Dr.  Mackenzie  lets  the 
patient  wear  a  necklet  connected  Avith  one  of  the  conducting 
wires  of  the  a-pparatus,  and  then  introduces  a  metallic  sound, 
-which  is  insulated  by  india-rubber,  and  ends  in  a  piece  of 
moigtened  sponge  connected  with  the  wire.  This  instrument 
may  be  introduced  without  faradising  the  parts  with  which 
it  may  at  first  come  in  contact  ;  for  the  circuit  is  only 
established  when  the  sponge  is,  in  tbe  laryngeal  mirror,  seen 
to  be  upon  the  vocal  cords,  after  which  a  little  spring  in  the 
handle  of  the  instrument  is  touched.  The  necklet  should 
be  worn  rather  low,  so  that  it  covers  the  sides  of  the  cricoid 
cartilage  and  the  space  between  it  and  the  thyroid.  By  acting 
in  this  manner,  the  lateral  adductor  muscles  of  the  vocal 
cords  are  faradised  ;  while  the  central  adductor  may  receive 
the  faradic  influence  by  placing  the  conductor  on  the  poste- 
rior surface  of  the  arytsenoid  cartilages. 

Prof.  V.  Ziemssen  considers  Dr.  Mackenzie's  instrument 
not  sufficiently  reliable  or  suitable,  and  uses  therefore  a 
double  laryngeal  electrode,  which  he  thinks  preferable  to 
the  former.  The  wires  of  this  instrument  terminate  in  small 
knobs,  which  are  covered  with  moistened  sponge.  Both 
knobs  generally  touch  one  another,  so  that  when  the  instru- 
ment is  introduced,  the  current  does  not  reach  either  the 
mouth  or  the  pharynx.  The  two  branches  are  separated 
when  above  the  larynx  by  pressing  the  first  finger  on  a  lever, 
which  causes  rotation  of  one  branch.     The  excursion  of  the 
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lever,  and  therefore  the  distance  of  the  two  points  from 
one  another,  is  determined  by  a  moveable  screw  which 
acts  on  the  lever  from  above.  The  instrument  is  so  solidly 
made  that  firm  pressure  may  be  made  outwards,  with  both 
branches.  This  is  necessary  because  the  constrictor  faucium 
medius  and  inferior,  when  faradised,  compress  the  branches 
of  finer  instruments.  On  withdrawing  the  finger  from  the 
lever,  the  branches  of  the  instrument  are  again  made  to 
touch  one  another,  so  that  the  electrode  may  be  taken  out  of 
the  pharynx  and  mouth  without  acting  on  these  latter  parts. 
Ziemssen,  however,  uses  also  a  single  electrode  for  localising 
the  faradic  current  in  certain  muscles  of  the  larvnir. 


Fiii.  141. — Ziemssea's  Double  Laryngeal  Electrode. 

Grerhardt  ^  and  Ziemssen  ^  have  endeavoured  to  determine 
whether  the  laryngeal  branches  of  the  pneumogastric  may 
be  faradised  percutaneously  at  the  neck.  Grerhardt  found 
that  on  observing  the  larynx  with  the  laryngoscope  during 
faradisation  of  the  neck,  near  the  upper  and  lower  cornua  of 
the  thyroid  cartilage,  the  closure  of  the  glottis,  and  the  ten- 
sion and  vibrations  of  the  vocal  cords  were  not  altered,  nor 
that  the  pitch  of  a  tone  which  was  sung  underwent  any 
change ;  he  saw,  however,  that  the  vocal  cords  separated  in 
a  jerky  manner  when  a  vowel  was  pronounced;  and  that  the 

'  Virchow's  Archiv,  vol.  xxxviL 
2  Loe.  cit.  p.  263. 


422  MEDICAL  ELECTRIC   APPARATUS  chap.  in. 

glottis  did  not  assume  its  normal  width  during  inspiration. 
Ziemssen  thinks  that  these  phenomena  are  not  owing  to 
direct  faradic  stimulation  of  the  recurrent  nerves,  but  only 
to  the  action  of  faradism  on  the  larynx  generally.  The  same 
occurs  if  the  larynx  is  cauterised  or  galvanised,  without  par- 
ticular laryngeal  nerves  and  muscles  being  acted  upon. 

]Most  physicians  who  occupy  themselves  specially  with 
diseases  of  the  throat,  practise  percutaneous  faradisation. 
A  powerful  current  is  applied  by  means  of  a  wire  brush  on 
a  solid  metallic  electrode  to  the  skin  in  front  of  the  larynx, 
the  circuit  being  closed  by  a  moistened  conductor  placed  on 
the  nape  or  the  side  of  the  neck. 

Prof.  Ziemssen  finds  fault  with  Dr.  Mackenzie  for  limit- 
ing the  direct  application  of  the  current  to  the  vocal  cords 
and  the  arytaenoid  cartilages,  without  having  regard  to  the 
complicated  anatomical  relations  of  the  parts,  and  the  possi- 
bility of  a  special  diagnosis  and  corresponding  localisation  of 
the  current.  To  ourselves  it  has  appeared  that  faradisation 
of  the  larynx,  as  practised  by  Dr.  Mackenzie,  is  a  compound 
proceeding,  which  consists  partly  of  stimulation  of  the  vocal 
cords,  with  the  aid  of  the  laryngeal  mirror,  and  partly  of 
faradisation  of  the  skin  by  means  of  an  extremely  powerful 
current ;  and  it  is  under  these  circumstances  not  always 
easy  to  decide,  whether  the  result  of  the  treatment  is  owing 
to  the  external  or  the  internal  application  of  faradism. 

Ziemssen  prefers  intra-laryngeal  to  percutaneous  faradisa- 
tion of  all  the  laryngeal  muscles,  with  the  only  exception  of 
the  crico-thyroid,  because  these  latter  may  be  easily  reached 
from  without.  When  faradised,  they  cause  the  cricoid  and 
thyroid  cartilages  to  approach  one  another,  while  a  tone, 
which  is  being  sung,  is  raised  half  a  tone,  from  increased 
tension  of  the  vocal  cords. 

Intra-laryngeal  faradisation  is  a  difficult  proceeding,  both 
for   the  operator   and  the   patient.     The   latter  is  chiefly 
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inconvenienced  by  pain,  retching,  vomiting,  coughing,  hy- 
persecretion of  mucus,,  temporary  aphonia  and  other  symp- 
toms which  it  often  takps  weeks  to  overcome.  But  if 
doctor  and  patient  persevere,  the  parts  become  at  last  so 
accustomed  to  the  introduction  of  the  instruments  and  to 
faradisation,  that  each  single  procedure  may  be .  carried  on 
for  about  half  a  minute  at  a  time.  The  operator  is  chiefly 
inconvenienced  by  the  constant  escape  of  the  laryngoscopic 
image  in  consequence  of  the  displacement  of  the  parts,  partly 
by  reflex  movements,  and  partly  by  the  action  of  the  current 
itself.  The  current  used  need  not  be  stronger  than  one 
which  will  cause  the  frontal  muscle  to  contract. 

Ziemssen  finds  that  of  all  the  intra-laryngeal  muscles  the 
arytaenoides  transversus  is  most  easily  faradised.  When  the 
point  of  the  single  laryngeal  electrode  has  reached  the  pos- 
terior surface  of  the  arytaenoid  cartilages,  the  circuit  is 
closed  by  the  assistant  putting  an  ordinary  sponge-conductor 
outside.  The  muscle  iiamed  then  causes  the  posterior  surface 
of  the  cartilages  to  project,  and  the  two  cartilages  to  be 
pressed  against  one  another.  A  deficiency  or  incomplete- 
ness of  this  movement,  in  consequence  of  paralysis  or  paresis 
of  the  muscle,  is  a  frequent  as  well  as  important  cause  of 
hoarseness  and  loss  of  voice. 

The  crico-arytaenoides  lateralis  muscle  may  be  reached  in 
the  depth  of  the  pyroform  sinus,  next  to  the  external 
border  of  the  cricoid  cartilage.  Its  effect  is  to  rotate  the 
arytaenoid  cartilage  round  its  perpendicular  axis,  forwards 
and  inwards,  so  that  the  processus  vocalis  and  the  free  border 
of  the  vocal  cord  approach  the  mesial  line.  The  thyreo- 
arytaenoides  externus  and  internus  muscles  may  likewise  be 
faradised  from  the  pyriform  sinus,  only  the  point  of  the 
electrode  should  be  pressed  downwards,  inwards,  and  forwards, 
and  its  handle  upwards  and  outwards.  Faradisation  of  these 
muscles  causes  the  arytaenoid  cartilage  to  be  displaced  for  - 
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wards  and  downwards.  The  crico-arytaenoides  posticus  muscle 
is  situated  on  the  posterior  surface  of  the  cricoid  cartilage, 
at  both  sides  of  a  rim  in  the  middle  of  the  latter.  Faradisa- 
tion of  this  muscle  causes  rotation  of  the  arytaenoid  carti- 
lage round  its  axis  outwards,  and  displacement  of  the  same 


EiG.  142. — Faradisation  of  the  Womb. 

backwards  and  outwards,  so  that  the  glottis  is  entirely 
opened.  If  it  be  attempted  to  sing  a  tone  while  one  of  these 
muscles  is  faradised,  only  an  impure  deep  sound  is  heard, 
inasmuch  as  the  vocal  cord  of  the  faradised  side  does  not 
bulge  forward,  but  only  that  of  the  opposite  side  is  seen  to 
execute  that  movement. 
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The  muscles  of  the  epiglottis,  which  are  animated  by  the 
superior  laryngeal  nerve,  viz.  the  thyreo-  and  ary-epiglottici, 


Fig.  143.—  Simple  Visceral 
Directors. 


Fig.  144. — Double  Visceral 
Electrodes. 


Fig.  145. — American  Uterine  Electrode. 

may  be  faradised  either  directly  by  putting  the  electrodes, 


426 


MEDICAL  ELECTEIC  APPAEATUS 


CHAP.   111. 


on  the  lateral  parts  of  the  base  of  the  epiglottis,  or  by  stimu- 
lating the  internal  branch  of  the  superior  laryngeal  nerve, 
on  its  way  through  the  sinus  laryngo-pharyngeus. 
The  pneumogastrio  nerve  may,  according  to 
Duchenne,  be  reached  from  the  oesophagus ;  while 
others  prefer  faradising  it  at  the  neck,  on  the 
inner  border  of  the  sterno-mastoid  muscle.  It  is 
difiQcult  to  see  for  what  purpose  faradisation  of 
the  pneumogastric  should  ever  be  practised,  and 
the  question  from  where  it  had  better  been  fara- 
dised  appears  to  us,  therefore,  to  be  one  of  purely 
theoretical  interests 

Faradisation  of  the  Womb  (Fig.  142)  has  been 
highly  recommended  by  M.  Tripier'  for  the  cure 
of  engorgement  and  displacement  of  that  organ. 
The  proceeding  is  as  follows : — The  patient 
should  lie  on  her  back,  and  a  speculum  is  intro- 
duced for  allowing  the  operator  to  put  the 
uterine  electrode  in  connection  with  the  ex- 
ternal OS,  after  which  an  olive-shaped  director 
is  introduced  into  the  rectum,  and  a  metallic 
plate  covered  with  moistened  lint  or  sponge  is 
placed  over  the  os  pubis.  Where  it  is  intended 
to  act  chiefly  on  the  anterior  portion  of  the  womb, 
one  electrode  is  put  to  the  os,  while  the  other  is 
introduced  into  the  bladder,  as  shown  in  Fig. 
142.  In  unmarried  women,  or  where,  in  the 
married,  the  engorgement  is  not  combined  with 
displacement,  the  womb  may  be  faradised  by 
simply  using  the  plate  over  the  os  pubis,  as  be- 
fore, and  a  moistened  conductor  applied  to  the  lumbar 
region. 


e 


'  Manuel  d'Electrotherapie,  p.  548.     Paris,  1861. 
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Fig.  143  shows  the  simple  visceral  directors  for  uterus, 
bladder,  and  rectum,  and  Fig.  144  the  double  electrodes  for 
the  same  organ,  as  used  by  M.  Tripier. 

Fig.  145  is  the  uterine  electrode  made  by  the  G-alvano- 
faradic  Manufacturing  Company  in  New  York. 

Faradisation  of  the  (Esophagus  will  only  rarely  be  re- 
quired ;  but  I  have  used  it  successfully  in  a  case  of  paralysis 
of  the  muscular  fibres  of  that  organ,  with  consequent  difficulty 
of  swallowing.  In  such  cases  a  long  and  flexible  insulated 
sound  with  a  metallic  top  (Fig.  146)  is  introduced  to  the 
point  where  the  impediment  is  found,  and  the  circuit  is 
closed  by  putting  another  moistened  electrode  to  the  chest 
or  back. 
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CHAPTER   IV. 
ELECTRICITY  AS  A    MEANS    OF  DIAGNOSIS. 

The   different   forms    of  electricity    may   be    utilised    for 
diagnosis  : — 

1 .  In  paralytic  affections  ; 

2.  For  detecting  malingerers  ; 

3.  For  the  discovery  of  projectiles  which  have  been  lodged 

in  the  body ;  and, 

4.  For  deciding  between  real  and  apparent  death. 

I.— ELECTRO-DIA.GNOSIS  OF  PARALYTIC  AFFECTIONS. 

Alter  faradism  had  been  used  for  some  time  in  the  treat- 
ment of  paralysis,  it  was  observed  tliat  the  muscles  which 
were  no  longer  under  the  influence  of  volition  resj)onded  in 
some  instances  readily  to  the  current,  while  in  other  cases 
no,  or  only  very  feeble,  contractions  were  obtained.  Hence 
it  was  concluded  that  electricity  might  be  useful  as  a  means 
of  diagnosis  in  certain  obscure  paralytic  affections. 

Every  means  of  diagnosis,  when  first  pointed  out  as  such,  has 
been  over-rated,  carelessly  employed,  and  then  pronounced 
to  be  worthless.  Forty  years  ago  the  prejudice  against  ausculta- 
tion was  very  strong  in  this  country,  chiefly  in  consequence 
of  some  young  enthusiasts  having  brought  the  stethoscope 
from  Paris,  and  having  undertaken,  without  paying  any  at- 
tention to  the  general  symptoms  of  the  various  cases,  to 
form  the  diagnosis  by  the  physical  signs  alone ;  they  were 
constantly  in  error,  and  their  undue  pretensions  brought  dis- 
credit on  the  whole  system.     The  same  has  been  the  case 
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with  the  microscope,  the  ophthalmoscope,  the  laryngoscope, 
and  other  valuable  instruments  :  nor  has  electricity  been 
exempt  from  this  fate.  Observations  on  the  excitability  of 
the  paralysed  nerves  and  muscles  were  carelessly  made,  con 
elusions  hastily  drawn,  and  thus  the  greatest  confusion  pro- 
duced. As  an  instance,  it  may  be  mentioned  that  in  August 
1850,  M.  Martinet  read  a  paper  before  the  Paris  Academy  of 
Medicine,  in  which  he  stated  that  the  presence  of  electro- 
muscular  contractility  was  the  distinctive  character  of  cere- 
bral, hysterical,  and  rheumatic  paralysis,  while  its  absence 
was  an  indication  of  disease  of  the  spinal  cord ;  yet  all 
these  assertions  are  incorrect ! 

No  department  of  our  subject  is  at  the  present  time  so 
little  developed  as  that  relating  to  the  diagnostic  value  of 
the  various  forms  of  electricity.  There  can  be  little  doubt 
that,  as  time  advances,  a  more  scientific  use  of  galvanism 
and  faradism  will  enable  us  to  ascertain  the  exact  condition 
of  the  nervous  centres,  the  motor,  sentient,  and  vasomotor 
nerves,  and  of  the  muscles,  with  far  greater  accuracy  than 
we  can  do  at  present,  and  that  electricity  will  thus  become 
a  most  valuable  test,  not  only  in  paralytic  affections,  but 
also  in  many  other  neuropathic  and  myopathic  conditions. 
At  present  we  may  ascertain  any  alterations  of  the  physiological 
law  of  contractions  which  have  occurred ;  what  is  the  in- 
fluence of  the  direction  of  the  current ;  whether  dtiring  the 
application  an  increase  or  diminution  of  excitability  becomes 
perceptible,  &c.  We  are  as  yet,  however,  unable  to  deter- 
mine any  alterations  of  the  current  proper  of  the  nerves, 
and  of  its  positive  and  negative  phases,  which  may  have 
taken  place  ;  although  it  appears  highly  probable  that  sucli 
alterations  occur  in  most  diseases  of  the  nervous  system,  and, 
if  known,  would  make  our  treatment  of  them  more  scientific 
and  more  successful.  Here  there  is  therefore  a  large  field 
open  for  future  researches,  which  will  no  doubt  yield  abun- 
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dant  results  as  soon  as  our  appliances  shall  have  reached  that 
degree  of  perfection  which  is  indispensable  for  such  investi- 
gations. 

1.— CEREBRAL    PARALYSIS. 

To  Dr.  Marshall  HalP  the  merit  is  due  of  having  first 
directed  the  attention  of  the  profession  to  the  value  of  elec- 
tricity in  the  diagnosis  of  paralytic  diseases.  He  contended 
in  a  paper  on  the  condition  of  the  muscular  irritability  in 
paralytic  limbs,  that  cerebral  and  spinal  paralysis  were  in 
totally  opposite  conditions  with  regard  to  the  excitability  of 
the  muscular  fibre  in  the  afiected  limbs.  By  cerebral 
paralysis  he  understood  that  which  removes  the  influence  of 
the  brain — -paralysis  of  spontaneous  or  voluntary  motion, 
such  as  is  produced  by  disease  of  the  brain  itself,  or  by 
disease  of  the  dorsal  portion  of  the  spinal  cord ;  while  by 
spinal  paralysis  he  designated  that  which  removes  the  physio- 
logical influence  of  the  cord.  He  stated  that  in  cerebral 
paralysis  the  paralysed  limbs  were  always  moved  by  a  slighter 
electric  influence  than  that  w^hich  was  required  to  affect 
the  healthy  limb  ;  or  that  if  both  limbs  were  moved,  it  was 
uniformly  the  paralytic  limb  which  was  more  shaken  than 
the  other.  In  spinal  paralysis,  on  the  contrary,  he  found 
that  the  excitability  of  the  muscles  was  diminished  or  even 
annihilated.  This  induced  him  to  think  that  galvanism 
might  afford  a  source  of  diagnosis  between 

r   1.  Hemiplegia  of  the  face,  and 

j    2.  Paralysis  of  the  facial  nerve. 

f   8.  Hemiplegia  of  the  arm  or  leg,  and 

\  4.  Disease  of  the  nerves  of  these  limbs. 

{5.  Disease  of   the  spinal  cord  in  the    dorsal   region 
and 
6.  Disease  of  the  cauda  equina  in  the  lumbar  region. 

'  Medico -Chirurgical  Transactions,  1839. 
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Dr.  Hall  concluded  that  in  cerebral  paralysis  the  excita- 
bility of  the  muscular  fibre  became  augmented  from  want  of 
the  application  of  the  stimulus  of  volition,  the  brain  being, 
in  his  opinion,  the  exhauster,  through  its  acts  of  volition, 
of  the  muscular  irritability ;  the  spinal  cord,  on  the  con- 
trary, being  the  special  source  of  the  power  of  the  nerves  of 
exciting  muscular  contractions,  and  of  the  irritability  of  the 
muscular  fibre.  In  spinal  paralysis,  therefore,  the  irritability 
of  the  muscular  fibre  would  be  diminished,  and  at  length 
become  extinct,  in  consequence  of  its  source  being  cut  off. 
The  same  principle  would  explain  the  greater  influence  of 
certain  respiratory  acts  (such  as  yawning,  sneezing,  cough- 
ing, &c.)  on  paralytic  limbs,  and  also  the  greater  suscepti- 
bility of  the  paralysed  muscles  to  the  influence  of  strychnia 
in  cases  of  cerebral  paralysis. 

The  first  who  objected  to  Marshall  Hall's  theory  was  Dr. 
Pereira,^  who,  in  1841,  naade  a  number  of  observations  on 
paralytic  patients,  which  convinced  him  that  in  certain  cases 
of  hemiplegia  the  muscles  of  the  paralysed  limbs  responded 
very  little  to  the  electric  current,  while  those  of  the  healthy 
limbs  were  powerfully  contracted.  In  1845,  Dr.  Copland^ 
stated  that  in  cases  of  cerebral  paralysis  the  affected  muscles 
were  not  more  excitable  than  the  sound  muscles,  but,  on  the 
■)  ccntrary,  less  so.  The  most  elaborate  criticism,  however,  of 
Marshall  Hall's  theory  was  given  by  Dr.  Todd,^  who  refuted 
the  view  of  the  brain  being  the  exhauster  of  muscular  irrita- 
bility, by  pointing  to  the  physiological  fact  that  the  healthy 
action  of  a  muscle  is  promoted  by  exercise  within  reasonable 
limits,  and  that  whatever  restricts  that  exercise  is  injurious 
to  the  nutrition  of  the  muscle,  and  consequently  to  its 
irritability.     He  afterwards  adduced  the  evidence  of  thirteen 

'  Elements  of  Materia  Mediea  and  Therapeutics,  2nd  edition,  vol.  ii.  p.  1300. 
-  A  Dictionary  of  Pra;ctical  Medicine,  vol.  iii,  part  1,  p.  42, 
^  Medico-Chirurgical  Transactions,  1847. 
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cases  of  cerebral  paralysis,  to  prove  that  in  certain  morbid 
conditions  of  the  brain  the  excitability  of  the  muscles  of  the 
paralysed  limbs  was  not  augmented.  Dr.  Todd  used  the 
continuous  current,  electro -magnetism  and  magneto-elec- 
tricity, and  found  that  the  results  obtained  were  not  affected 
by  the  instrument  employed.  He  observed  that  in  a  certain 
number  of  cases  the  paralysed  muscles  responded  readily  to 
the  galvanic  stimulus,  and  even  displayed  a  greater  amount 
of  vigour  than  those  of  the  healthy  limbs.  In  these  cases 
the  muscles  of  the  palsied  limb  exhibited  some  degree  of 
rigidity  ;  and  the  vigour  of  their  action  in  obedience  to  the 
galvanic  stimulus  was  proportionate  to  the  amount  of  rigidity 
within  certain  limits.  In  another  class  of  cases  electricity 
produced  little  or  no  contraction,  and  in  these  the  muscles 
appeared  more  or  less  wasted.  In  a  third  class  he  found 
that,  while  the  paralysis  was  almost  complete,  the  galvanic 
stimulus  excited  equally  the  muscles  of  the  paralysed  and 
those  of  the  healthy  limbs ;  and  these  were  generally  cases 
of  apoplexy  occurring  in  persons  previously  healthy  and  not 
advanced  in  years. 

Dr.  Todd  also  concluded  that  the  state  of  the  muscles  had 
comparatively  little  effect  in  the  production  of  these  pheno- 
mena, but  that  they  depended  upon  the  state  of  nervous 
force  in  the  paralysed  limbs.  In  cases  where  the  stimulus 
produced  little  or  no  contraction,  the  force  was  depressed  in 
the  nerves  of  the  paralytic  limb  ;  in  cases  where  the  galvanic 
current  excited  stronger  contractions  in  the  muscles  of  the 
paralysed  limb  than  in  those  of  the  healthy  limb,  the  nervous 
excitability  was  exalted  ;  and  in  the  third  class,  where  there 
was  no  perceptible  difference  between  the  two,  nervous  ex- 
citability was  normal.  He  therefore  contended  that  gal- 
vanism might,  in  cases  of  hemiplegia,  serve  as  a  test  to  dis- 
tinguish between  an  irritant  and  a  depressing  lesion  of  the 
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brain,  but  not  as  a  means  of  distinguishing  between  cerebral 
and  spinal  palsy. 

In  1850  M.  Duchenne,^  of  Boulogne,  recorded  some 
observations  on  the  state  of  electro-muscular  sensibility  and 
contractility,  and  strongly  objected  to  the  mode  of  ex- 
perimentation employed  by  Marshall  Hall,  the  only  true 
way  to  arrive  at  a  satisfactory  result  being,  according  to  him, 
the  localisation  of  the  electric  cm-rent  in  the  tissue  of  the 
paralysed  muscles.  He  stated  that  muscular  contractility 
was  normal  in  cerebral  paralysis,  there  being  no  difference 
between  the  muscles  of  the  healthy  and  of  the  paralytic 
limbs  of  such  patients.  This  statement  I  can  only  explain 
by  assuming  that  Duchenne  tested  the  muscular  irritability 
only  in  a  limited  number  of  cases  of  cerebral  paralysis,  and 
that  these  happened  to  be  such  as  are  described  by  Dr.  Todd 
in  the  third  class,  in  which  the  muscles  retain  their  normal 
condition. 

I  have  tested  the  nervous  and  muscular  excitabiKty  in  a 
very  large  number  of  cases  of  cerebral  paralysis,  and  can 
fully  corroborate  Dr.  Todd's  observations.  In  some  cases  the 
excitability  is  diminished,  the  muscles  are  flaccid,  and  the 
nervous  excitability  depressed ;  in  another  class  of  cases  the 
excitability  is  increased,  there  is  early  rigidity  of  the 
muscles,  and  an  irritative  lesion  of  the  brain ;  and,  finally, 
in  a  third  class  no  difference  is  observed  in  this  respect 
between  the  healthy  and  the  paralytic  limb.  I  have  em- 
ployed both  modes  of  experimentation,  viz.  sending  the 
current  right  through  the  limbs,  and  localising  it  in  the 
affected  nerves  and  muscles.  They  both  yield  nearly  the 
same  results  ;  but  local  faradisation  and  galvanisation  make 
the  differences  of  muscular  contractility  appear  far  more 
striking. 

'  Archives  generales  de  m^decine,  1850.     Vol.  xsii.  p.  4. 
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I  shall  now  relate  a  few  cases  illustrative  of  the  three 
classes  which  may  be  distinguished  in  paralysis  resulting 
from  cerebral  disease. 

Case  1. — Hemvplegia  fro'in  cerebral  hcemorrhage ;  mus- 
cular contratility  diminished. 

R.  v.,  aged  57,  of  originally  vigorous  and  plethoric  constitution, 
but  now  somewhat  debilitated  by  antiphlogistic  treatment ;  has 
never  had  any  serious  illness,  with  the  exception  of  pneumonia, 
ten  years  ago,  from  which  he  soon  recovered.  Six  months  before 
I  saw  him  (August  1857)  he  had  an  attack  of  cerebral  hosmor- 
rhage,  accompanied  with  loss  of  consciousness  for  nearly  three 
hours,  and  paralysis  of  the  whole  right  side.  Speech  was  not 
affected.  He  did  not  know  of  any  cause  of  bis  affection,  but 
mentioned  that  his  father  had  died  from  paralysis.  He  had 
sometimes  suffered  from  palpitations  of  the  heart,  but  auscul- 
tation showed  the  heart  to  be  healthy.  The  distortion  of  the 
face  soon  disappeared,  and  the  muscles  of  the  arm  and  leg  also 
regained  some  mobility.  He  wrote,  however,  a  very  unsteady 
hand,  and  experienced  great  trouble  in  dressiag  and  feeding 
himself ;  walking  was  very  difficult. 

His  judgment  and  memory  were  not  impaired ;  there  was  no 
pain  in  the  head  or  limbs.  The  face  and  tongue  were  straight, 
and  the  movements  of  the  eyes  easy.  The  skin  of  the  right  side 
was  cold  and  flabby.  Pulse  76,  weaker  in  the  right  than  in  the 
left  radial  artery.  There  was  a  feeling  of  numbness  in  the  right 
arm  and  leg,  which  were  not  so  sensitive  to  the  prick  of  a  pin  as 
the  limbs  of  the  opposite  side.  The  muscles  of  the  same  sides 
were  relaxed  and  somewhat  wasted,  and  the  extensors  more  so 
than  the  flexors.  There  was  no  rigidity  of  the  muscles,  either 
in  the  upper  or  in  the  lower  extremity.  Passive  extension  of 
the  fore-arm  upon  the  arm,  and  of  the  leg  upon  the  thigh, 
could  be  made  without  any  resistance  being  offered  by  the 
muscles.  The  faradic  stimulus,  administered  in  moderate  dose 
and  with  slow  intermittences,  did  not  cause  the  paralysed  ex- 
tensor muscles  of  the  right  arm  to  contract,  while  the  corres- 
ponding muscles  of  the  other  side  answered  well  to  the  current. 
The  same  was  the  case  with  the  muscles  animated  by  the 
peroneal  nerve. 
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Case  2. — Hemiplegia  from  irritative  disease  of  the 
brain ;  augmented  muscular  excitability. 

In  December  1858,  a  grocer,  C.  K.,  aged  57,  was  under  the 
care  of  Dr,  Todd,  in  King's  College  Hospital ;  lie  had  had 
repeated  attacks  of  apoplexy,  and  probably  suffered  from  a 
tumour  in  the  brain,  which  kept  up  continual  irritation.  The 
patient  suffered  at  that  time  from  ptosis  of  the  left  upper 
eyelid,  and  from  paralysis  of  the  right  side,  with  marked  rigidity 
of  the  flexor  muscles.  I  tested  the  excitability  of  the  muscles, 
and  found  it  slightly  increased  in  the  paralysed  leg,  and  very 
much  so  in  the  paralysed  arm.  When  I  directed  a  gentle 
Current  to  the  extensor  communis  digitorum  of  the  right  fore- 
arm, a  sudden  and  powerful  extension  of  the  fingers  took  place, 
which  were  before  firmly  closed  by  rigidity  of  the  flexors  ;  the 
same  current  directed  to  the  left  side  did  not  cause  any  move- 
ments in  the  fingers,  and  much  more  power  was  required  for  pro- 
ducing the  same  amount  of  contraction  in  the  healthy  as  in  the 
paralysed  side.  It  was  also  noticed  that  the  inverse  current  ex- 
cited somewhat  stronger  contractions  in  the  loaralysed  side  than 
the  direct,  while  the  direct  current  excited  somewhat  stronger 
contraction  in  the  Jiealthy  side  than  the  inverse.  These  ex- 
periments were  repeated  several  times,  and  always  with  the 
same  result,  in  the  presence  of  Dr.  Todd,  Dr.  Conway  Evans, 
a,nd  a  large  number  of  students. 

Case  3. — Heriiiplegia  from  cerebral  ha3morrJiage ;  normal 
excitability  of  the  muscles. 

L.  T.,  a  widow,  aged  62,  had  long  been  in  a  gouty  condition,  and 
had  an  apoplectic  attack  seven  years  ago,  in  which  she  lost  her 
speech  and  consciousness,  and  the  use  of  the  left  side.  After  six 
months  a  gradual  improvement  took  place,  especially  in  the  leg. 
When  I  saw  her  in  November  1858,  the  speech  was  still  impaired, 
walking  troublesome,  and  the  motion  of  the  left  thumb  and  fore- 
finger very  limited.  Although  these  two  fingers  had  then 
scarcely  been  used  for  seven  years,  the  excitability  of  the  ex- 
tensor and  abductor  muscles  of  these  fingers  was  quite  normal, 
as  they  moved  freely  under  the  influence  of  a  gentle  current. 
The  same  was  observed  in  the  recti  of  the  thighs. 

F  F  2 
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2,— PERIPHERAL  PARALYSIS. 

Marshall  Hall  understood  by  spinal  paralysis  that  which 
occurs  when  the  muscle  is  functionally  separated  from  the 
cord,  as,  for  instance,  by  mechanical  injury  to  a  nerve.  This 
peculiar  view  has  been  almost  generally  misunderstood ;  for 
most  authors  have  looked  upon  Hall's  '  spinal  paralysis '  as 
synonymous  with  paralysis  from  disease  of  the  spinal  cord. 
It  is,  however,  evidently  meant  for  those  cases  which  are  owing 
either  to  a  mechanical  injury  to  a  nerve  (traumatic  paralysis), 
or  from  pressure  by  an  effusion,  which  may  be  of  a  rheumatic, 
gouty,  or  syphilitic  character.  As  much  confusion  has  been 
produced  by  Marsliall  Hall's  nomenclature,  we  think  it 
best  to  drop  the  terms  proposed  by  him,  and  substitute  the 
word  '  peripheral '  for  '  spinal '  paralysis.  Eecent  researches 
have  thrown  considerable  light  on  the  changes  which  occur 
in  this  form  of  palsy,  as  far  as  the  galvanic  and  faradic  ex- 
citability of  the  nerves  and  muscles  is  concerned,  and  have 
thereby  enabled  us  to  render  both  the  prognosis  and  treat- 
ment of  these  affections  more  certain. 

To  M.  Baierlacher^  the  merit  is  due  of  having  first  employed 
the  continuous  current  as  a  means  of  diagnosis  in  such  cases, 
and  of  having  shown  that  galvano-muscular  contractility  may 
stiU  exist  after  farado-muscular  excitability  has  disappeared.  He 
has  recorded  the  case  of  a  woman,  aged  28,  who  sufiered  from 
paralysis  of  the  portio  dura  of  one  side.  Faradisation  had  no 
influence  on  the  muscles,  nor  was  there  any  change  in  this  par- 
ticular after  three  weeks'  treatment.  He  then  applied  a  con- 
tinuous current  of  fifteen  cells,  which  caused  all  the  paralysed 
muscles  to  contract.  After  three  such  applications  there  was 
considerable  improvement,  and  after  four  more  the  paralysis  had 
almost  entirely  disappeared. 

M.  Schulz^  has  recorded  several  cases  of  facial  palsy,  in  which 

^  Baierisches  arztliches  Intelligenzblatt,  1859.    No.  4. 
-  Wiener  medicinisclie  Wocliensclirift,  1860-    No.  27. 
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tlie  induced  current  did  not  cause  any  contractions  on  tlie  para- 
lysed side,  while  a  current  of  eiglit  cells  of  Bunsen's  battery 
caused  the  muscles  to  move  on  opening  as  well  as  on  closing  the 
circuit,  whether  the  current  was  direct  or  inverse.  A  current  of 
the  same  power  did  not  affect  tlie  muscles  of  the  healthy  side. 
On  increasing  the  power  to  twenty  cells,  however,  the  muscles 
of  the  healthy  side  responded  both  on  opening  and  closing,  yet 
even  then  the  contraction  was  more  powerful  in  the  paralysed 
side.  As  time  went  on,  the  exalted  excitability  of  the  paralysed 
muscles  gradually  diminished,  and  at  last  completely  disappeared. 
The  diminution  of  galvano-muscular  excitability  occurred 
simultaneously  with  the  recovery  of  the  power  of  volition  over 
the  muscles ;  and  at  the  same  time  the  latter  commenced  to 
respond  again  to  the  faradic  cm-rent. 

Moritz  Meyer  ^  has  observed  the  case  of  a  woman,  aged  48, 
who  suffered  from  facial  palsy  of  the  left  side,  and  where  fara- 
disation was  quite  ineffectual,  while  a  continuous  current  of  six 
cells  caused  all  the  muscles  to  move.  The  patient  gradually  re- 
covered under  the  influence  of  the  continuous  current.  Another 
similar  case  fell  under  the  notice  of  Professor  Ziemssen.^  A 
young  man,  aged  1 8,  had  had  facial  palsy  of  the  left  side  for 
three  weeks.  Faradism  locally  applied  to  aU  the  facial  muscles 
individually,  and  to  the  branches  of  the  portio  dura  of  the 
affected  side,  did  not  cause  any  contractions,  even  if  a  powerful 
current  was  used ;  the  continuous  current,  on  the  contrary, 
caused  regular  and  vigorous  contractions  on  making  the  circuit 
in  all  the  muscles,  while  on  breaking  it  they  responded  feebly. 
The  galvano-muscular  contractions  of  the  corresponding  muscles 
on  the  healthy  side  were  not  nearly  as  powerful  as  those  on  the 
paralysed  side  ;  and  the  application  of  the  continuous  current  to 
any  paralysed  muscle  individually,  or  to  the  nervous  fibre  ani- 
mating the  same,  did  not  restore  its  excitability  to  faradisation 
or  volition.  If  very  slow  intermittences  of  the  induced  current 
were  used,  so  that  one  closing  and  opening  was  used  in  two 
seconds,  there  was  in  the  healthy  side  a  strong  contraction 
on  closing,  and  a  feeble  contraction  on  opening  the  circuit  in 
each  muscle,  while  in  the  paralysed  side  there  was  no  contraction 
at  aU,  either  on  closing  or  on  opening.  A  few  weeks  afterwards 
the   deformity    of  the   face  had  diminished,  but  the    galvano- 

^  Die  Electricitat  in  ihrer  Anwendung  auf  Medicin.  2te  Auflage,  1861, 
p.'  323. 

-  Die  Electricitat  in  der  Medicin,  1866,  p.  76. 
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muscular  excitability  was  tlien  mucli  less,  and  at  last  disappeared 
altogether.  In  two  raontlis  the  left  side  had  regained  its  volun- 
tary power,  with  the  exception  that  the  eyelids  could  not  be 
entirely  closed  ;  yet  even  then  neither  galvanisation  nor  faradi- 
sation caused  any  contractions.  The  same  patient  was  examined 
two  years  and  a  half  afterwards,  when  the  face  appeared  quite 
healthy,  during  rest  as  well  as  during  physiognomical  expres- 
sions. Sensibility  was  considerably  diminished  on  the  left  side. 
Faradisation  caused  contractions  in  all  the  muscles  which  had 
been  previously  paralysed,  but  the  response  was  not  nearly  so 
strong  as  on  the  healthy  side.  The  same  condition  was  ob- 
served on  applying  the  continuous  current,  eight  cells  of  which 
caused  distinct  movements  on  the  side  which  had  not  suffered, 
while  no  effect  was  produced  on  the  other.  On  increasing  the 
pow  er  of  the  current,  the  muscles  of  the  affected  side  were  seen 
to  contract,  but  more  sluggishly  than  those  on  the  right.  In 
another  case  recorded  by  the  same  observer  the  excitability  of 
the  motor  nerves  to  volition,  faradisation,  and  galvanisation,  was 
completely  abolished,  while  the  paralysed  muscles  had  preserved 
their  irritability  to  the  continuous  current,  and  responded  to 
direct  galvanisation  with  a  sluggish  contraction. 

I  have  observed  a  case  of  facial  palsy  which  had  been  caused 
by  an  aural  surgeon  introducing  a  strong  solution  of  nitrate  of 
silver  into  the  left  meatus  through  a  glass  tube,  and  then 
blowing  it  through  the  Eustachian  tube.  This  proceeding,  which  I 
consider  most  unjustifiable,  caused  at  once  excruciating  pain  in 
the  head,  and  paralysis  of  all  the  muscles  animated  by  the  portio 
dura.  I  was  consulted  three  months  afterwards,  when  the 
paralysis  remained  complete.  The  muscles  did  not  respond  to 
fai'adism,  but  the  continuous  current  caused  them  to  move 
feebly  on  making  the  circuit.  The  patient  remained  three 
months  under  my  care,  being  treated  by  galvanisation,  and 
ultimately  recovered.  The  galvanic  excitability  increased  as  time 
went  on  ;  faradic  contractility  had  in  a  measure  returned  at  the 
end  of  the  treatment,  but  was  still  much  more  sluggish  on  the 
left  than  on  the  right  side. 

Meyer  has  found  that  those  cases  of  facial  palsy  in  which 
farado-muscular  excitability  is  merely  diminished,  but  not  com- 
pletely gone,  generally  recover  within  a  few  weeks ;  while,  on  the 
other  hand,  those  in  which  faradisation  produces  no  effects  at  all 
about  a  week  after  they  have  come  on,  and  where  a  feeble  con- 
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tinuous  current  canses  vigorous  contractions,  have  a  worse  prog- 
nosis, inasmuch  as  bhey  only  improve  after  many  months  of 
treatment,  and  even  then  do  not  quite  recover.  In  these 
latter  cases  Meyer  believes  the  seat  of  the  paralysis  to  he  in 
the  facial  nerve  during  its  transit  through  the  petrous  portion  of 
the  temporal  bone,  and  considers  the  galvano-muscular  contrac- 
tions as  reflex  movements  produced  by  stimulation  of  the 
ganglion  geniculatum.  This  latter  hypothesis  is,  however,  un- 
tenable. 

Eulenburg  has  published  the  following  case : — 
A  student,  aged  21,  on  walking  under  a  windmill  which  was 
in  motion,  received  a  superficial  injury  on  the  back  of  the  head, 
and  a  violent  blow  against  the  right  arm.  The  skin  was  not 
broken,  but  there  was  considerable  extravasation  of  blood,  espe- 
cially in  the  lower  third  of  the  arm,  and  in  the  bend  of  the 
elbow.  Immediately  after  the  receipt  of  the  blow  there  was 
complete  paralysis  and  anesthesia  of  the  right  radial  nervCj 
which  remained  after  the  injury  to  the  head  had  healed,  and  the 
extravasated  blood  absorbed.  Electricity  was  used  a  fortnight 
afterwards,  when  the  faradic  contractility  of  the  para^lysed 
muscles,  both  extra-  and  intra-muscular,  was  found  to  be  entirely 
fjone.  Galvanisation  of  the  radial  nerve  in  all  directions  had  the 
same  result.  A  bad  prognosis  was  given,  and  neither  motility 
nor  electric  contractility  were  ultimately  regained. 

M.  Neumann,^  when  observing  a  case  of  this  kind,  conceived  the 
idea  of  rapidly  interrupting  the  continuous  current  by  means  of  a 
mechanical  contrivance  in  order  to  ai'rive  at  a  rationale  of  these 
phenomena,  andnoticed  that  if  the  interruptions  were  very  rapid,no 
effect  was  produced  in  the  paralysed  side,  while  the  healthy  muscles 
on  the  other  side  of  the  face  responded  as  usual.  Erom  this  he 
concluded  that  the  duration  of  the  current  was  of  paramount  im- 
portance in  these  cases.  When  this  is  more  than  instantaneous,  the 
current  has  a  greater  effect  on  the  paralysed  than  on  the  healthy 
muscles  ;  but  when  the  stimulation  is  merely  instantaneous,  no 
effect  is  produced  even  by  a  powerful  current.  He  observed  the 
same  thing  in  the  nerves  and  muscles  of  frogs  which  were  dying. 
Before  the  excitability  of  these  structures  was  quite  gone,  there 
was  a  stage  which  often  continued  for  several  hours,  and  in 
which  the  most  powerful  faradic  current  failed  to  produce  con- 

'  Virchow's  Archiv  fiir  Anatomie  und  Physiologie,  1864,  p  54. 
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tractions,  wMle  a  weak  continuous  current  caused  tlie  muscles 
to  move. 

Briicker  *  has  recorded  several  cases  of  fatty  degeneration  of 
the  muscles,  which  confirm  Neumann's  statements.  Faradisation 
failed  to  cause  contractions,  while  with  the  continuous  current  of 
twenty  cells  a  response  took  place  on  closing  the  circuit.  He 
also  observed  that  the  contraction  on  closing  did  not  occur  so 
rapidly  as  it  does  in  healthy  muscles,  but  was  somewhat  retarded  ; 
that  if  the  circuit  was  slowly  opened  and  closed,  the  movements 
were  more  extensive  than  if  there  was  a  rapid  succession ;  that 
if  the  direction  of  the  current  was  quickly  changed,  the  strength 
of  the  contractions  increased;  and  that  there  was  no  efiect  at 
all  if  a  current  of  instantaneous  duration  was  applied.  These 
facts  were  observed  in  the  peroneal,  crural,  sciatic,  and  tibial  nerves. 
M.  Eulenburg  ^  has  assumed  three  different  specific  energies  of  the 
motor  nerves,  viz.  the  power  to  respond  individually  to  voli- 
tion, faradisation,  and  galvanisation  ;  and  thinks  it  probable  that 
in  certain  conditions  of  changed  molecular  arrangement,  one  of 
the  other  of  these  energies,  or  even  two  of  them,  may  be  totally 
gone,  while  the  third  remains  intact.  This  would  be  an  analogy 
to  the  abolition  of  certain  kinds  of  sensation,  which  is  frequently 
observed  in  locomotor  ataxy,  where  the  sense  of  touch  may  be 
normal,  while  sensibility  to  pain  or  the  sense  of  temperature 
may  have  completely  disappeared. 

Professor  Erb,^  of  Heidelberg,  has  experimentally  studied 
the  conditions  which  are  now  under  consideration,  and  has 
come  to  the  important  conclusion  that  in  these  alterations  of 
excitability  nerves  and  muscles  obey  totally  different  laws. 
In  all  cases  of  exalted  galvanic  excitability  it  is  only  the 
muscles  which  answer  in  this  manner,  and  those  observers 
are  in  error  who  have  assumed  the  existence  of  increased  gal- 
vanic excitability  of  the  nerves,  together  with  lost  faradic 
excitability  of  the  same.  In  fact,  where  there  has  been 
an  injury  to  the  motor   nerves,  their  excitability   appears 


*  Deutsche  Klinik,  1865.    No.  30. 

'  Deiitsches  Archie  fiir  klinische  Medicin,  1866.     Ed.  ii.  Heft  1. 

^  Ibid.  1868,     Bd.  iv.  p.  566. 
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to  be  completely  gone,  not  only  to  the  induced,  but  also  to 
the  continuous  current. 

Soon  after  the  paralysis  has  set  in,  whether  it  be  caused 
by  rheumatic  effusion  or  by  contusion  and  division  of  the 
nerve,  the  excitability  of  the  nerve  to  both  forms  of  elec- 
tricity begins  to  diminish.  In  one  of  Erb's  cases  this 
diminution  was,  dming  the  first  few  days  of  the  illness,  pre- 
ceded by  a  slight  increase  of  it ;  and  he  thinks  that  this 
condition  may  be  characteristic  of  rheumatic  palsies.  Soon 
afterwards,  however,  viz.  in  human  subjects  from  the  end  of 
the  first  week,  and  in  injured  nerves  of  rabbits  even  before 
that  time,  a  considerable  diminution  of  excitability  takes 
place,  which  proceeds  gradually  from  the  seat  of  the  disease 
to  the  periphery,  the  point  of  entrance  of  the  nerve  into  the 
muscle  being  the  last  to  lose  it.  This  decrease  is  shown  in 
two  ways,  inasmuch  as  the  power  of  the  current  required  for 
causing  a  slight  contraction  has  to  be  continually  increased, 
and  the  contractions  caused  by  even  a  strong  current  gradu- 
ally diminish  in  vigour.  Towards  the  end  of  the  second  week, 
faradic  as  well  as  galvanic  excitability  of  the  nerves  has  com- 
pletely disappeared.  The  dm-ation  of  this  stage  varies  ac- 
cording to  the  cause  of  the  palsy,  the  intensity  of  its  effect 
upon  the  nerve,  and  the  rapidity  with  which  the  process  of 
regeneration  is  carried  on.  In  rabbits,  the  nerves  of  which 
have  been  bruised,  it  lasts  from  five  to  six  weeks :  where  the 
nerves  have  been  divided,  its  duration  is  longer ;  and  in 
facial  palsy  of  rheumatic  origin  it  may  extend  over  many 
months,  and  even  years.  After  a  time,  however,  the  excita- 
bility of  the  nerves  is  gradually  restored.  The  statements  of 
different  observers  regarding  the  mode  in  which  the  nerves 
regain  their  excitability  vary  considerably,  and  have  led  them 
to  assume  various  groups  and  degrees  of  palsy,  which  arej 
however,  not  so  distinctly  separated  in  nature.  In  most 
cases  there  appear,  simultaneously  with  the  return  of  volun- 
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tary  motion,  traces  of  faradic  as  well  as  of  galvanic  excita- 
bility, although  at  first  only  if  a  high  power  be  used.  Both 
kinds  of  excitability  seem  to  return  almost  simultaneously, 
and  the  contractions  then  become  more  vigorous  from  day  to 
day,  so  that  at  last  a  feeble  cm-rent  is  sufficient  to  make  them 
plainly  perceptible. 

Cases  in  which  the  electric  excitability  is  completely 
restored  to  its  original  standard  are  exceptional;  for  it 
generally  remains  somewhat  below  par.  All  these  conditions 
do  not  appear  to  have  any  direct  relation  to  the  recovery  of 
voluntary  power. 

The  muscles  follow  totally  different  laws  under  these  cir- 
cumstances. Within  the  first  few  days  of  the  palsy  there  is 
no  decided  alteration  of  direct  galvanic  or  faradic  excita- 
bility, and  it  is  only  towards  the  end  of  the  first  week  that  a 
diminution  of  it  is  observed.  The  faradic  excitability  con- 
tinues to  sink,  whether  the  current  be  slowly  or  rapidly 
interrupted,  and  whether  the  primary  or  secondary  current 
be  used ;  galvanic  excitability,  on  the  contrary,  commences 
to  rise,  and  becomes  within  a  few  days  exalted  considerably 
beyond  the  normal  standard,  so  that  a  much  weaker  current 
than  is  necessary  for  causing  contractions  in  healthy  muscles, 
will  produce  decided  effects  on  the  paralysed  ones.  We  have 
already  seen  that  this  is  owing  to  the  physical  difference  of 
the  continuous  and  induced  current,  it  being  the  instan- 
taneous duration  of  induction  currents  which  renders  them 
incapable  of  exciting  the  muscles,  and  a  continuous  current  of 
equally  instantaneous  duration  having  no  more  effect  than 
faradisation.  At  this  period  excitability  is  not  only  increased, 
but  likewise  altered  in  quality.  When  healthy  muscles  are 
acted  upon  by  the  continuous  current,  the  cathode  has  more 
effect  than  the  anode,  and  the  closing  contraction  is  stronger 
than  the  opening;  while  the  anode  produces  effects  chiefly 
on  opening,  especially  after  the  current  has  acted  for  some 
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time.  In  paralysed  muscles,  on  the  contraiy,  the  effect  of 
the  anode  increases  more  rapidly  and  considerably  than  that 
of  the  cathode,  so  that  it  soon  becomes  equal  to  the  latter, 
and  sometimes  even  preponderates  over  it.  At  the  same 
time  the  effect  on  closing  becomes  greater  than  that  on  open- 
ing ;  and  finally,  an  effect  takes  place  with  the  cathode  on 
opening,  which  is  equally  powerful  and  sometimes  stronger 
than  the  effect  on  opening  at  the  anode. 

The  form  of  muscular  contraction  produced  by  direct  'mus- 
cular stimulation  differs  considerably  from  the  contraction 
caused  by  the  stimulation  of  healthy  nerves.  The  latter  is 
rapid,  while  the  former  is  sluggish  ;  and  even  if  the  current 
used  be  comparatively  feeble,  tonic  contractions  of  long 
duration  may  be  caused.  The  shortening  and  elongating  of 
the  paralysed  muscle  occurs  more  slowly  than  that  of  the 
healthy  muscle,  and  corresponds  to  the  form  of  contraction 
observed  by  Fick  in  the  sphincter  of  the  fresh-water  mussel,. 
in  which  there  is  considerable  prolongation  of  all  the  succes- 
sive stages  of  the  contraction. 

After  a  time  galvanic  excitability  again  diminishes,  but 
no  alterations  then  occur  in  its  quality.  The  first  signs  of 
diminution  occur  about  three  months  after  the  commence- 
ment of  the  disease.  Within  the  following  weeks  the  sign 
becomes  more  distinct ;  a  higher  power  is  required  for  caus- 
ing contractions,  and  the  latter  are  barely  perceptible.  The 
effect  on  opening  becomes  less,  and  appears  more  tardily  than 
that  on  closing,  even  at  the  anode.  This  latter,  however, 
still  causes  an  equally  distinct  closing  contraction  at  the 
cathode.  At  a  later  time  feeble  contractions  are  obtained  by 
direct  muscular  faradisation,  more  especially  in  those  muscles 
the  nerves  of  which  have  regained  their  faradic  excitability. 
Galvanic  excitability  now  sinks  below  the  normal  standard  ;. 
for  while  on  the  healthy  side  eight  cells  may  suffice  to  cause- 
contractions,  from  ten  to  fourteen  cells  may  be  necessary  on 
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the  paralysed  side,  and  the  contractions  themselves  become 
continually  weaker. 

These  final  alterations  of  electric  excitability  do  not  seem 
to  bear  any  constant  relation  to  the  return  of  voluntary 
motor  power,  nor  to  the  extent  in  which  recovery  takes  place. 
At  this  time  the  muscles  answer  more  readily  to  mechanical 
stimulation  than  they  do  in  health. 

Professor  Erb  has  likewise  studied  the  morbid  anatomy  of 
these  conditions,  and  found  that  within  the  first  few  days 
after  an  injury  to  the  nerve  the  marrow  coagulates,  and  is 
dissolved  into  several  cylindrical  pieces,  which  are  at  first 
rather  long,  but  afterwards  become  shorter.  At  the  same 
time  the  diameter  of  the  fibres  is  increased  ;  the  cylindrical 
pieces  just  mentioned  are  gradually  changed  into  irregular 
oil-globules,  between  which  fine  granules  of  fat  appear, 
which  at  last  become  so  numerous  that  they  predominate 
over  all  other  formations.  About  the  third  week,  and  after- 
wards, there  is  less  of  marrow  and  fat,  the  diameter  of  the 
fibres  becomes  smaller,  the  structures  more  distinct,  and 
nuclei  and  fibres  in  the  process  of  regeneration  are  percep- 
tible. Of  the  original  fibres  scarcely  anything  remains  ex- 
cepting a  small  and  pale  band  with  irregular  outline,  in  some 
parts  of  which  small  globules  of  fat,  marrow,  and  nuclei  may 
be  recognised.  This  band  consists  of  the  original  primitive 
fibre  and  the  cylinder  axis,  which  remains  uninjured.  The 
degeneration  proceeds  in  every  case  from  the  point  where  the 
injury  has  occurred  towards  the  periphery ;  and  regenera- 
tion follows  the  same  course.  From  the  substance  of  the 
marrow  which  has  been  preserved  fresh  masses  of  marrow  are 
deposited  round  the  cylinder  axis.  At  first  only  a  small  dark 
line  is  perceptible ;  but  after  a  time  a  delicate  layer,  with  a 
double  outline,  appears,  which  proceeds  more  and  more  to- 
wards the  periphery.  These  young  regenerated  fibres  are 
very   small,  thoroughly   homogeneous,  and  only  slowly  in- 
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crease   in   width.      "When   they   have    become    completely 
developed  the  conductivity  of  the  nerve  is  restored. 

At  the  point  where  the  nerve  has  been  injured,  phenomena 
of  adhesive  inflammation  of  the  neurilemma  set  in,  viz. 
swelling,  prolifereration  of  cells,  thickening,  and  finally 
shrinking,  of  connective  tissue. 

The  same  occurs  in  the  neurilemma  along  the  whole 
peripheral  course  of  the  nerve.  Soon  after  the  occurrence  of 
the  injury,  there  is  a  considerable  accumulation  of  granular 
cells  in  the '  neurilemma ;  these  cells  gradually  assume  the 
shape  of  spindles,  and  the  neurilemma  is  thickened ;  the 
connective  tissue  becomes  tougher  and  firmer,  the  cells  dis- 
appear, and  fibres  take  their  place.  The  nervous  fibres  being 
now  enclosed  in  a  firm  sheath,  which  becomes  gradually  harder 
by  cicatricial  shrinking,  the  recovery  of  the  nerves  is  much 
retarded ;  but  in  course  of  time  this  impediment  is  likewise 
removed,  and  the  nerves  are  at  last  completely  restored  to 
their  physiological  condition. 

The  anatomical  alterations  just  described  correspond 
closely  to  the  changes  of  electric  excitability  which  occm- 
under  these  circumstances.  The  decrease  of  excitability, 
which  occurs  soon  after  the  commencement  of  the  paralysis, 
coincides  with  the  progressing  degeneration  of  the  nervous 
marrow  ;  and  when  this  degeneration  has  reached  a  certain 
stage,  the  electric  excitability  is  entirely  gone.  When,  how- 
ever, the  fibres  have  become  regenerated,  electric  excita- 
bility returns,  and  increases  in  proportion  as  the  fibres  grow. 
The  slow  return  of  excitability,  and  its  long  persistence  in  a 
low  degree  appears  to  be  due  to  the  impediment  offered  to 
the  regeneration  of  the  fibres  by  the  proliferated  and  shrink- 
ing neurilemma. 

The  anatomical  alterations  of  the  muscular  fibres  com- 
mence in  the  third  week.  The  fibres  waste,  and  the  trans- 
verse stripes  become  indistinct.     There  is  no  fatty  degene- 
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ration,  but  an  increase  of  nuclei,  wliich  often  appear  in  large 
crowds ;  and  the  fibres  show  a  great  tendency  to  undergo 
amyloid  degeneration.  Large  numbers  of  cells  appear  in 
the  interstitial  connective  tissue,  the  bulk  of  which  is  in- 
creased, so  that  the  consistency  of  the  muscle  is  greater. 
The  connective  tissue  after  a  time  assumes  a  cicatricial  cha- 
racter, whereby,  after  the  conductivity  of  the  nerves  has  been 
restored,  complete  recovery  of  the  muscular  fibres  is  much 
impeded. 

It  is  more  difficult  to  trace  the  relation  between  these 
anatomical  alterations  of  the  muscles  and  the  changes  of 
their  electric  excitability  than  it  is  with  regard  to  the  nerves. 
As  during  the  first  two  weeks  no  striking  alterations  appear 
to  take  place  in  the  muscular  fibres,  it  may  be  assumed  that 
the  first  changes  of  excitability  in  them  are  to  be  referred 
rather  to  the  intra-muscular  branches  of  the  nerves  and  their 
terminations  than  to  the  muscular  tissue  itself.  Concurrently 
with  the  diminution  of  excitability,  which  is  caused  by  the 
separation  of  the  nerve  from  the  centre,  muscular  excita- 
bility is  diminished ;  but  it  does  not  completely  disappear 
because  the  contractile  fibre  with  its  inherent  irritability  is 
still  in  existence.  Alterations  of  excitability  commence 
towards  the  end  of  the  second  week ;  there  is  diminished 
effect  of  currents  of  instantaneous  duration,  increased  effect 
of  currents  of  long  duration,  and  preponderating  effect  of 
the  anode.  These  coincide,  as  regards  time,  with  the  com- 
mencement and  increase  of  the  proliferation  of  muscular 
nuclei,  and  those  changes  which  result  in  amyloid  degene- 
ration and  the  proliferation  of  interstitial  connective  tissue. 

The  diminution  of  excitability  which  appears  at  a  later 
time  coincides  with  the  cessation  of  these  anatomical  pro- 
cesses, and  the  atrophy  of  the  muscular  fibres,  which  is  ren- 
dered more  or  less  permanent  in  consequence  of  the  cica- 
tricial retraction  of  the  hypertrophied  connective  tissue. 
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These  phenomena  are  of  importance  for  the  diagnosis  of 
palsies  in  which  such  alterations  of  excitability  are  observed. 
They  show  ns  with  certainty  that  the  paralysing  lesion  has 
interrupted  the  conductivity  of  the  nerve,  and  that  the  latter 
is  in  a  process  of  degeneration.  The  seat  of  the  paralysing 
lesion  is  at  the  same  time  made  known  to  the  intelligent 
observer,  inasmuch  as  these  phenomena  occur  only  in  the 
motor  and  vaso-motor  peripheral  nerves,  and  not  in  central 
paralysis. 

The  prognosis  of  peripheral  palsies  depends  therefore 
essentially  upon  their  cause,  and  is  more  favourable  where 
this  can  be  rapidly  removed.  Before  that  is  done,  any  thera- 
peutical measures  peripherally  applied  to  the  paralysed 
nerves  and  muscles  must  fail.  In  cases  of  facial  palsy  of 
this  kind,  a  few  months  must  elapse  before  the  first  traces 
of  motility  reappear,  and  even  then  a  good  deal  of  time  is 
required  for  the  complete  restoration  of  voluntary  power. 
Eecovery  is  often  incomplete,  and  distortion  of  the  face,  or 
at  least  a  certain  stiffness  and  rigidity,  may  remain  for  good. 

Professor  Erb's  investigations  have  been  confirmed  by  a  series 
of  researches  made  by  Professor  Ziemssen  and  M.  Weiss,  ^  who 
experimented  on  rabbits,  in  order  to  determine  the  galvanic 
and  faradic  relations  of  motor  nerves  and  muscles  in  artificially 
produced  interruption  of  nervous  conduction.  They  operated  on 
the  sciatic  and  on  the  peroneal  nerve,  either  by  excision  of  a 
small  piece  or  by  ligature.  The  latter  proceeding  they  found  on 
the  whole  preferable,  because  ifc  was  possible,  by  a  more  or  less 
tight  tying  of  the  thread,  to  produce  palsies  of  longer  or  shorter 
duration,  and  also  because  the  injury  thus  made  generally  healed 
by  first  intention. 

The  immediate  consequence  of  the  operation  in  all  cases  was 
paralysis  of  the  whole  set  of  xauscles  animated  by  the  injured 
nerve,  which  continued  for  a  time  proportionate  to  the  severity 
of  the  lesion.  The  average  was  four  weeks  with  the  hgature, 
but  after  excision  of  a  piece  of  the  nerve  the  palsy  lasted  six 

'  Deutsches  Archiv  fur  klinische  Medicin,  1868.     Ed.  iv.  p.  579. 
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months,  and  even  longer.  Considerable  wasting  of  tlie  leg  fol- 
lowed, even  wlien  it  had  only  been  a  few  weeks  paralysed. 
Where  it  remained  so  for  six  months,  the  wasting  was  not  only 
great,  but  the  muscles  became  rigid  and  shortened,  so  that  the 
knee  and  ankle-joint  were  contracted.  When  the  injury  had 
been  repaired,  the  contraction  and  rigidity  of  the  muscles  dis- 
appeared rapidly,  the  muscles  increased  in  bulk,  and  voluntary 
movements  returned. 

The  alterations  of  galvanic  and  faradic  excitability  of  the  in- 
jured nerve  and  the  paralysed  muscle  were  found  to  vary 
according  to  the  severity  of  the  lesion,  but  appeared  to  follow  a 
definite  law  as  regards  their  first  appearance  and  progress. 
Ziemssen  and  Yv^  eiss  corroborate  Erb's  discovery,  that  the  rela- 
tions of  the  nerve  to  electricity  are  totally  different  from  those  of 
the  muscle  to  the  same  agent. 

In  most  cases  it  was  seen  that,  from  twenty-four  to  forty-eight 
hours  after  the  operation,  the  nerve  had  completely  lost  its  excita- 
bility to  the  electric  stimulus.  Excitability  was  sometimes 
apparently  increased  on  the  first  or  second  day  ;  this,  however, 
was  not  due  to  any  changes  in  the  nerve  itself,  but  to  an  in- 
creased electric  conductivity  of  the  skin,  consequent  upon  the 
operation.  The  minimum  duration  of  the  loss  of  excitability  was 
three  weeks,  and  the  maximum  seven  months.  The  central  end 
of  the  nerve  regained  its  excitability  some  days,  or  even  weeks, 
before  its  peripheral  end.  Galvanic  excitability  generally  re- 
turned a  few  days  before  the  faradic,  in  the  central  as  well  as  in 
the  peripheral  extremity.  The  degree  of  galvanic  and  faradic 
excitability  was  always  greater  in  the  central  than  in  the  peri- 
pheral end ;  and  the  return  of  excitability  in  the  nerve  appeared  to 
be  simultaneous  with  the  return  of  farado-muscular  contractility, 
and  the  disappearance  of  exalted  galvano-muscular  excitability. 

With  regard  to  the  muscles  paralysed  by  the  operation,  it 
appeared  that  faradic  excitability  was  diminished  as  early  as  the 
first  day,  and  completely  gone  on  the  fifth  to  the  nineteenth  day 
after  the  operation.  This  diminution  took  place  more  gradually 
the  nearer  to  the  centre  the  injury  had  been  made.  Where  the 
injury  had  been  severe,  farado-muscular  excitability  disappeared 
completely,  and  the  paralysis  continued  for  a  longer  time ;  and 
when  traces  of  it  reappeared,  a  very  powerful  current  was  at 
first  necessary  to  show  that  it  was  returning. 

Galvano-muscular  excitability  remained  unchanged  on  the  first 


CHAP.  IT.  PEEIPHEEAL  PARALYSIS  449 

day,  but  was  iBcreased  on  the  second,  so  that  a  feeble  continuous 
current,  which  had  no  effect  on  healthy  muscles,  caused  powerful 
contractions  in  the  paralysed  ones.  This  exaltation  of  excitability 
again  decreased  in  the  third  to  seventh  week  after  the  operation, 
and  then  fell  either  to  the  normal  average,  or  even  below  it.  In 
a  few  cases  no  such  exaltation  was  perceptible,  but  these  occurred 
in  animals  which  had  before  the  operation  been  uncommonly 
sensitive  to  the  galvanic  stimulus.  In  the  large  majority  of 
cases  galvano- muscular  excitability  persisted  throughout  the 
affection  ;  it  was  lost  only  in  those  where  a  large  piece  of  the 
nerve  had  been  excised ;  and  in  these  cases  galvanic  and 
faradic  excitability  fell  much  in  the  same  proportion.  With 
regard  to  the  direction  of  the  current,  ifc  appeared  that  the 
cathode,  which  in  healthy  muscles  has  more  effect  than  the 
anode,  had  in  these  cases,  on  the  contrary,  less  influence  than 
the  anode,  which  latter  was  by  far  the  most  effective. 

The  loss  of  muscular  contractility  in  peripheral  paralysis 
is  in  many  instances  a  valuable  guide  to  diagnosis.  Duchenne 
has  recorded  a  case  in  which  he  noticed  loss  of  contractility 
in  the  paralysed  muscles  of  the  shoulder,  by  which  he  was  led 
to  the  diagnosis  of  local  injury  to  the  nerves  ;  and  afterwards 
a  syphilitic  exostosis  was  discovered,  which  compressed 
certain  branches  of  the  cervical  and  brachial  plexus.  In 
most  instances  the  faradic  excitability  of  the  muscles  appears 
to  be  lost  soon  after  the  lesion  of  the  nerve  has  occurred. 


3.— PARALYSIS  FROM  DISEASE  OF  THE  ANTERO- 
LATERAL COLUMNS  OF  THE  SPINAL  CORD. 

In  cases  of  this  kind  the  electro-muscular  contractility 
is  either  diminished  or  gone,  according  to  the  degree  of 
severity  of  the  affection..  This  constitutes  in  certain  cases  a 
good  test  for  distinguishing  between  disease  of  the  antero- 
lateral and  posterior  columns  of  the  cord.  In  progressive 
locomotor  ataxy,  which  affects  chiefly  the  posterior  columns, 
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the  muscular  response  is  generally  quite  normal,  although 
the  bulk  of  the  muscles  may  have  notably  decreased,  and 
they  may  refuse  to  obey  the  orders  of  volition. 


4— HYSTERICAL  PARALYSIS. 

Hysterical  women  often  suffer  from  more  or  less  complete 
paralysis  of  one  or  both  lower  extremities,  which  is  usually 
caused  by  severe  mental  emotion  and  shock.  Duchenne  has 
found  the  electric  excitability  of  the  muscles  normal  in  all 
cases  of  hysterical  paralysis,  while  the  electro-muscular  sen- 
sibility (that  is,  the  sensation  excited  by  the  electro-muscular 
contraction)  was  nearly  or  totally  gone.  Such  is,  however,  by 
no  means  always  the  case,  for  I  have  seen  cases  of  hysterical 
paralysis  of  long  standing  in  which  the  excitability  of  the 
muscles  was  considerably  diminished. 

Case  4. — Hysterical  Paraplegia ;  diminished  excitability 
of  the  muscles. 

In  May  1858,  I  saw,  in  consultation  with  Dr.  Todd,  a  lady, 
aged  28,  unmarried,  who  had  nearly  lost  the  use  of  her  legs  in 
consequence  of  a  fright.  Her  gait  was  staggering,  and  when 
not  sufficiently  supported  the  limbs  gave  way,  and  she  fell  to  the 
ground.  The  disease  migrated  about  the  limbs,  sometimes 
attacking  the  right,  and  at  other  times  more  the  left  leg ;  for  a 
short  time  the  right  hand  became  affected,  and  writing  and  playing 
on  the  piano  were  difficult  or  impossible.  When  I  first  saw 
her  she  di'agged  the  right  leg  as  a  piece  of  inanimate  matter ; 
the  foot  swept  the  ground,  and  being  inclined  to  turn  inside,  the 
inner  edge  of  the  shoe  was  torn  after  it  had  been  worn  for  a  few 
days.  When  in  the  sitting  posture,  she  was  hardly  able  to  raise 
the  foot  or  to  turn  it  outside,  or  to  move  the  toes  ;  she  ex- 
perienced great  difficulty  in  getting  up  from  a  chair,  and  in 
getting  into  and  out  of  bed  ;  and  she  found  it  almost  impossible 
to  press  the  pedals  of  the  piano  and  the  harp.  On  administering 
a  feeble  faradic  current  to  the  rectus  of  the  left  thigh,  the  muscle 
at  once  contracted,  but  the  same  current  was  not  strong  enough 
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to  move  the  rectus  of  the  right  thigh.  On  increasing  the  inten- 
sity of  the  current,  which  sent  the  sensation  of  a  powerful  thrill 
through  the  thigh,  only  feeble  vibrations  appeared  in  the  fibres  of 
/  the  left  rectus.  The  same  state  was  observed  in  the  peronei  and 
/'  tibiales  muscles  :  but  after  faradisation  had  been  used  for  some 
weeks,  the  nutrition  was  so  far  restored  that  all  the  muscles  of 
the  right  limb  responded  as  readily  to  the  current  as  those  of  the 
left. 

5.— LEAD-PALSY. 

Paralysis  consequent  on  lead-poisoning  affects  with  prefer- 
ence certain  sets  of  muscles,  leaving  others  nearly  or  totally 
intact.  The  arms  and  hands  suffer,  but  the  lower  extremi- 
ties do  not ;  and  in  the  arm  the  flexor  muscles  are  spared 
and  the  extensors  attacked.  The  extensor  communis  digi- 
torum  is  first  affected  ;  the  extensors  of  the  first  and  the  little 
finger  follow  in  their  turn ;  and  at  last  the  extensores  carpi 
radialis  and  ulnaris,  the  -triceps,  and  deltoid,  and  the  muscles 
of  the  ball  of  the  thumb,  begin  to  suffer.  In  cases  of  this 
kind  faradic  excitability  of  the  muscles  is  always  much  dimi- 
nished, and  often  entirely  lost,  not  only  where  atrophy  has 
come  on,  but  also  where  the  bulk  of  the  muscles  is  only  slightly 
diminished ;  and  sometimes  the  excitability  of  the  muscles 
remains  impaired  even  after  the  voluntary  movements  have 
regained  their  previous  strength. 

Case  5. — Lead-palsy ;  excitability  of  the  muscles  gone. 

S.  R.,  a  painter,  aged  28,  has  had  several  attacks  of  lead- 
colics,  from  which  he  recovered  under  medical  treatment.  Six 
weeks  before  I  saw  him  (August  1857)  he  had  pain  in  the 
joints  and  twitches  in  the  legs.  The  left  wrist  drops  now,  and 
he  complains  of  obstinate  constipation.  A  blue  line  was  seen  on 
the  gums.  All  the  extensor  muscles  of  the  left  fore-arm,  as 
well  as  the  deltoid,  were  paralysed  ;  and  the  patient  could  only 
raise  his  fingers  if  the  first  phalanges  were  supported,  showing 
that  the  interossei  and  lumbrical  muscles  had  not  suffered.     The 
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back  of  the  fore-arm  appeared  hollow  from  atrophy  of  the  ex- 
tensors. He  found  it  difficult  to  raise  the  arm,  and  impossible  to 
extend  it  to  a  right  angle  with  the  body.  The  flexor  muscles 
were  not  aflFected.  The  right  arm  was  weak,  but  not  paralysed. 
The  lower  extremities  did  not  suffer.  On  applying  a  somewhat 
powerful  faradic  current  to  the  deltoid  muscle,  slight  vibrations 
appeared  in  its  fibres,  and  no  contractions  could  be  produced  in 
the  extensor  muscles  on  the  back  of  the  fore-arm.  Faradisation 
was  used  every  other  day  for  about  four  weeks,  after  which  the 
patient  had  recovered  a  considerable  degree  of  power  in  the 
muscles,  the  bulk  of  which  had  much  increased  ;  but  even  then 
the  excitability  of  the  extensors  of  the  left  arm  was  much  less 
than  in  those  of  the  right. 

The  diagnosis  between  cases  of  lead-palsy  and  other  kinds 
of  paralysis  has  not  only  a  theoretical  but  also  a  practical 
interest,  as  in  the  former  the  application  of  electricity  must 
be  combined  with  a  constitutional  treatment,  while  some 
other  forms  of  palsy  yield  i-apidly  to  galvanism  alone.  The 
mere  statement  of  a  patient  that  he  has  never  to  his  know- 
ledge been  exposed  to  the  influence  of  lead,  does  not  prove 
that  the  paralysis  is  not  of  a  saturnine  character,  for  lead  is 
often  introduced  into  the  system  without  the  patient  being- 
aware  of  it.  Nor  is  the  paralysis  of  the  extensor  muscles 
always  preceded  by,  or  co-existent  with,  symptoms  which 
belong  to  the  constitutional  disease,  and  which  would,  if 
present,  facilitate  the  diagnosis.  The  electric  response  of  the 
muscles  is  therefore  a  most  valuable  auxiliary  for  diagnosis, 
as  it  will  in  many  cases  enable  us  to  recognise  with  certainty 
whether  there  is  lead  or  no  lead  in  the  system. 

Meyer^  has  recorded  a  very  instructive  case,  in  which  he  re- 
cognised by  faradisation  that  the  patient  suffered  fi'om  lead- 
poisoning.  A  hatter,  aged  38,  had  for  five  months  suffered  from 
stiffness  and  weakness  in  both  hands,  which  rendered  him  unable 
to  use  them.  No  further  symptoms  were  or  had  been  present 
previously.     Meyer  examined  the  muscles  faradically,  and  found 

>  Loc.  cit.  p.  172. 
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that  the  extensor  digitorum  comrQunis  muscle  did  not  respond  to 
a  powerfal  current,  and  that  only  a  slight  electro-muscular  sen- 
sation was  caused  in  it,  while  the  other  muscles  of  the  arm 
responded  well  to  faradisation.  He  therefore  sus^Dected  the 
existence  of  lead-poisoning,  although  the  occupation  of  the 
patient  was  not  one  in  which  lead  is  used,  and  althoiTgh  there 
were  no  other  symptoms  pointing  to  the  presence  of  that  metal 
in  the  system.  Faradisation  was  resorted  to,  but  thirty-seven 
appKcations  had  no  beneficial  effect.  Two  months  later  the 
patient  was  worse,  and  he  then  mentioned,  in  reply  to  enquiries 
about  lead,  that  he  had  for  many  years  past  used  snuflF  packed  in 
lead-foil.  The  analysis  of  this  snuff  showed  the  presence  of  .a 
considerable  quantity  of  lead  in  it.  The  use  of  the  snuff  was 
now  prohibited,  and  sulphur  baths  and  saline  purgatives  ad- 
ministered for  four  weeks.  The  palsy  was  then  again  attacked 
by  faradisation,  and  the  patient  ultimately  recovered. 


6.— RHEUMATIC  PARALYSIS. 

Duchenne  has  found  that  in  this  form  of  palsy  the  electro- 
muscular  contractility  is  normal,  while  the  sensation  excited 
by  the  electro-muscular  contraction  may  be  stronger  in  the 
suffering  side  than  in  the  healthy  parts.  This  is  true  for 
recent  cases ;  but  in  such  of  long  standing  I  have  almost  in- 
variably found  farad o-muscular  excitability  impaired. 


7.— PROaRESSrVE  ]\IUSCULAR  ATROPHY. 

In  this  disease  the  farado-muscular  contractility  corre- 
sponds to  the  more  or  less  wasted  condition  of  the  fibres. 
The  more  the  bulk  of  the  muscle  is  diminished,  the  weaker 
is  the  contraction  exhibited  by  it.  Electricity  enables  us 
in  most  cases  to  ascertain  the  state  of  almost  every  muscle 
and  portion  of  a  muscle,  whether  normal  or  wasted.  I  have 
seen  cases  in  which  not  the  whole  substance  of  the  extensor 
communis  digitorum  was  atrophied,  but  merely  that  portion 
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which  extends  the  middle  finger.  This  was  distinguished 
by  placing  the  electrodes  of  an  induction  apparatus  upon 
that  muscle,  when  only  the  first,  the  fourth,  and  the  little 
finger  were  extended,  while  the  second  finger  remained  quite 
or  nearly  motionless.  The  same  may  be  observed  if  the 
current  is  directed  to  the  interossei  and  lumbrical  muscles, 
when  only  one  or  two  of  them  may  respond,  while  the  others 
are  not  affected  even  by  a  powerful  current. 


II.— THE  USE   OF   ELECTRICITY  IN  DETECTING 
^lALINGEEERS. 

Malingering  for  the  purpose  of  extortion,  for  procuring 
the  means  of  subsistence  without  work,  or  for  exciting  com- 
passion and  interest,  is  much  more  frequent  than  is  generally 
supposed.  Where  the  physician's  suspicions  are  aroused, 
faradisation  of  the  skin  by  the  wire-brush  (electric  fustiga- 
tion,  p.  417)  may  be  an  excellent  means  of  settling  such 
questions.  This  proceeding  is  extremely  painful,  and  yet 
never  does  any  harm,  except  in  cases  of  cerebral  disease, 
where  it  should  be  avoided.  We  need,  therefore,  not  be  re- 
luctant to  employ  it  in  suspicious  cases,  as  it  is  far  more 
humane  than  the  actual  cautery  (which  has  often  been  called 
in  requisition),  and  yet  sufficiently  disagreeable  to  make  a 
repetition  of  the  procedure  dreaded  by  such  persons.  The 
Welsh  fasting-girl  might  still  be  alive  and  in  the  enjoyment 
of  a  hearty  appetite,  if  her  case  had  been  looked  upon  in  a 
proper  light,  and  if  faradisation  of  the  skin  had  been  a  few 
times  employed  as  a  diagnostic  and  curative  measure. 

Faradisation  may  also  be  usefully  employed  where  certain 
forms  of  paralysis  are  assumed  by  malingerers.  The  follow- 
ing is  an  instance  of  this  : — 
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Case  6. — Malingering  detected  hy  faradisation  and  the 
use  of  nitrous  oxide  gas. 

In  Noyember  1871  I  was  consulted  by  the  secretary  of  a 
working-men's  benefit  society  with  regard  to  the  case  of  one  of 
the  society's  members,  who  professed  to  have  lost  the  use  of  his 
left  arra  in  consequence  of  an  accident  which  he  had  had 
three  years  previously.  According  to  the  society's  rules,  the 
sum  of  lOOZ.  is  paid  to  members  who  are  permanently  incapa- 
citated for  work  by  disease  or  accident.  The  patient  had  had  a 
fall  from  a  considei^able  height,  and  asserted  that  ever  since  he 
had  been  unable  to  use  his  arm.  He  had  been  admitted  into  a 
provincial  hospital,  where  he  remained  for  three  months,  and 
where  (to  use  his  own  words)  '  the  surgeon  tried  as  hard  as  he 
could  to  cure  him,'  but  failed.  In  course  of  time  the  man,  who 
was  known  not  to  have  done  any  work  since  the  occurrence  of 
the  accident,  applied  to  his  society  for  the  lOOZ.  owing  to  him  ; 
and  I  was  then  requested  to  give  an  opinion  whether  the  patient 
was  permanently  or  only  temporarily  disabled. 

The  claimant  was  a  tall,  powerful  man,  of  determined  counte- 
nance, and  evidently  considerable  force  of  will.  He  professed  to 
be  unable  to  undress  himself,  and  had  therefore  to  be  assisted 
when  the  helpless  limb  was  bared  for  examination.  I  found 
that  the  temperature  and  the  bulk  of  the  left  arm  were  in  all  its 
parts  quite  equal  to  those  of  the  right.  The  limb  was  held  in  full 
extension,  and  drawn  to  the  body,  while  the  fingers  were  some- 
what tightly  flexed.  On  endeavouring  to  flex  the  fore-arm  and  to 
supinate  the  hand,  considerable  resistance  was  encountered  ;  and, 
when  additional  force  was  used  for  effecting  this  purpose,  the 
patient  called  out  with  pain,  and  said  he  could  not  bear  the  mani- 
pulation. 

Seeing  this  condition  of  the  limb,  only  three  pathological  con- 
ditions could  be  suspected,  viz.  paralysis  with  contraction,  anky- 
losis, or  dislocation — provided  always  that  the  patient  was 
sincere.  In  peripheral  paralysis,  owing  to  injury  of  the  motor 
nerves  of  the  part — which  is  the  only  form  of  paralysis  that 
could  be  thought  of  in  this  case — there  is  rarely  any  great 
amount  of  contraction,  since  the  paralysed  limbs  are  mostly  found 
flabby ;  and,  if  the  case  be  of  long  standing,  the  muscles  are 
wasted,   and  the  temperature  is  considerably  diminished.     But 
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as  these  clinical  signs,  altliongh  of  value,  are  yet  not  invariably 
present,  I  employed  a  test  which,  gives  absolutely  decisive  results 
in  such  cases,  and  enables  us  at  a  glance  to  decide  the  presence 
or  absence  of  peripheral  paralysis — viz.  faradisation.  It  has 
been  shown  by  the  concurrent  testimony  of  all  recent  observers 
who  have  investigated  this  subject,  that,  in  peripheral  paralysis 
caused  by  injury  to  the  motor  nerves,  the  muscles  animated  by 
those  nerves  lose  their  faradic  excitabihty,  while  their  galvanic 
excitability  may  be  preserved,  or,  under  certain  circumstances, 
even  increased.  If,  therefore,  in  the  present  case,  the  deltoid, 
triceps,  biceps,  and  the  other  muscles  of  the  useless  limb,  could 
be  made  to  respond  by  contraction  to  the  faradic  current,  it 
would  be  rendered  evident  that  there  was  no  paralysis  owing  to 
injury  of  the  brachial  plexus  or  any  of  its  branches. 

On  using  faradisation,  I  found  that  all  the  muscles  of  the  arm 
and  hand  responded  readily  to  the  current  by  contraction  of 
their  fibres  ;  yet,  curiously  enough,  the  arm  of  the  patient  did  not 
execute  those  movements  which  are  generally  produced  by  such 
an  application.  Something  evidently  resisted  the  displacement 
of  the  bones  ;  and  when  I  looked  at  the  powerful  determination 
visibly  expressed  in  every  feature  of  the  patient's  face,  his  hard 
stare,  his  contracted  brow  and  lips,  I  could  not  help  feeling  sus- 
picious that  this  something  might  be  the  patient's  own  volition. 
The  influence  of  faradisation  being  irresistible  if  a  sufiiciently 
strong  current  be  used,  I  increased  the  power  with  which  I 
acted,  in  order  to  overcome  any  possible  resistance  on  the  part  of 
the  patient ;  but  the  latter  called  out  so  lustily,  saying  that  he 
could  not  bear  the  pain,  that  I  was  obliged  to  desist.  Enough, 
however,  had  been  ascertained  for  enabling  me  to  eliminate  one 
of  the  three  pathological  conditions  which  could  give  rise  to  the 
complaint  of  the  patient. 

I  now  informed  the  secretary  that,  although  I  had  satisfied 
myself  that  there  was  no  paralysis,  yet  it  was  impossible  for  me 
to  give  a  certificate  concerning  the  exact  nature  of  the  affection 
from  which  the  patient  sufiered,  unless  he  were  previously  placed 
under  the  influence  of  an  ansesthetic.  All  parties  having  con- 
sented that  this  should  be  done,  I  procured  the  assistance  of  Mr. 
Clover,  who  on  the  following  day  administered  nitrous  oxide  gas 
to  the  patient.  The  latter  was  rapidly  rendered  insensible  ;  and 
I  could  now  freely  move  the  arm  in  all  directions,  there  being 
neither  dislocation  nor  ankylosis.     As  soon  as  this  was  ascer- 
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tained,  the  influence  of  the  ansesthetic  was  withdrawn  ;  and  the 
patient,  who  recovered  himself  in  a  few  moments,  was  informed 
that  his  case  was  not  nearly  so  bad  as  he  had  imagined,  and  that 
he  would  certainly  recover  the  use  of  the  arm  under  proper 
treatment.  I  gave  a  certificate  to  the  effect  that  the  patient 
suffered  from  a  painful  affection  of  the  shoulder-joint,  which 
would  yield  rapidly  to  subcutaneous  injections  of  morphia  or  a 
judicious  use  of  galvanism  ;  and  that  there  was  neither  paralysis, 
nor  dislocation,  nor  ankylosis,  seriously  to  interfere  with  the  use 
of  the  extremity.     The  claim  was  therefore  not  allowed. 


m.— THE    USE   OF   ELECTRICITY   FOR    THE    DISCOVERY 
OF  PROJECTILES  LODGED  IN  THE  BODY. 

It  is  often  of  great  importance  to  the  surgeon  who  has  to 
treat  gunshot  wounds,  to  decide  with  certainty  whether  a 
solid  body  which  is  felt  in  the  depth  of  the  canal  is  a  piece 
of  bone  or  a  bullet.  Again,  in  the  later  stages  of  gunshot 
wounds,  after  the  openings  have  healed,  doubtful  swellings 
not  unfrequently  become  perceptible  in  the  neighbourhood 
of  bones,  and  which  may  be  owing  to  fragments  of  bullets  or 
not.  The  various  methods  which  are  now  in  use  for  examin- 
ing such  cases  have  been  described  with  admirable  lucidity 
by  Professor  Longmore,^  of  Netley ;  and  one  of  these  methods 
is  that  by  the  galvanic  test. 

We  have  seen  in  the  first  chapter  that  the  human  body  is 
an  infinitely  worse  conductor  of  electricity  than  the  metals. 
Amongst  the  metals  lead  does  not  rank  very  high  in  con- 
ductivity ;  for  it  conducts  much  worse  than  silver,  copper, 
gold,  iron,  or  platinum.  Nevertheless,  it  conducts  several 
million  times  better  than  muscular  tissue  or  bone  ;  and  the 
galvanic  current  will,  therefore,  without  difficulty,  indicate 
the  presence  of  a  piece  of  lead,  which  may  be  imbedded  in 

'  British  Medical  Journal,  vol.  ii.  1871,  p-  715. 
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the  soft  parts  or  bones,  by  a  deflection  of  the  magnetic 
needle  on  closing  the  metallic  circuit ;  while  the  needle  will 
remain  motionless,  if  bone  or  muscle  be  placed  in  the  circuit 
instead  of  the  lead. 

The  merit  of  having  first  utilised  the  action  of  the  galvanic 
current  for  the  discovery  of  projectiles  is  due  to  Professor 
Favre,^  of  Marseilles.  He  found  that  if  he  introduced  the 
two  conducting  wires  of  a  single  galvanic  pair  into  a  wound, 
and  connected  one  of  the  wires  with  a  galvanometer,  the 
contact  of  the  tissues  and  liquids  in  the  wound  was  not  suffi- 
cient for  establishing  the  current ;  but  on  arriving  at  a 
metallic  body  the  needle  was  deflected,  showing  that  the 
circuit  of  the  battery  had  been  closed.  A  French  army 
surgeon,  M.  Fontan,  on  hearing  of  this  experiment,  repeated 
it  in  the  military  hospital  of  Marseilles.  He  used  one 
pair  of  Smee's  battery,  an  ordinary  galvanoscope,  and  two 
metallic  probes,  one  of  which  was  covered  by  the  other.  The 
internal  one  of  these  carried  two  insulated  conducting  wires 
ending  in  steel  points,  while  the  external  one  was  wide 
enough  to  receive  the  inner  one,  and  having  two  fenestrae 
in  order  to  let  the  steel  points  of  the  conducting  wires  be 
pushed  forward  to  the  object  that  was  to  be  explored.  M. 
Fontan  found  that  if  the  conducting  wires  ended  in  blunt 
points,  the  result  was  either  nil  or  at  least  not  so  striking 
as  when  sharp  steel  points  were  employed,  which  penetrated 
more  easily  to  the  surface  of  the  projectile. 

Prof.  Eosenthal,^  of  Vienna,  says  that  the  galvanic  test 
was  used  by  Nelaton  in  Graribaldi's  case,  and  that  the 
presence  of  the  bullet  in  the  tarsal  bones  of  the  Italian 
patriot  was  shown  by  the  deflection  of  the  magnetic 
needle.  This  statement,  however,  is  incorrect.  The  real 
facts  of  the  case,  about  which,  considering  its  recent  occur- 

>  Gazette  des  Hopitaux,  1862,  p.  553. 

2  Die  Electrotherapie.     Wien,  1873,  p.  381, 
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rence,  a  most  extraordinary  diversity  of  impression  prevails, 
are  these  : — Nelaton  satisfied  himself,  by  the  usual  examina- 
tion of  the  wound,  that  a  bullet  was  present ;  but  as  Prof. 
Partridge  had,  previous  to  this,  denied  the  existence  of  a 
foreign  body,  and  as  Nelaton  himself  did  not  convince  the 
Italian  surgeon  who  was  in  attendance  on  Graribaldi,  of  the 
correctness  of  his  view,  the  French  professor,  on  his  return 
to  Paris,  thought  of  improving  the  methods  then  in  use  of 
probing  for  bullets.    He  therefore  consulted  M.  Em.  Eousseau, 
the  chemist,  with  the  view  of  finding  a  chemical  test  by 
means  of  which  the  presence  of  lead  in  the  depth  of  a  wound 
could  be  ascertained.     M.  Eousseau  then  recommended  to 
introduce  a  small  piece  of  ungiazed  'biscuit'  china,  on  which 
lead  would  make  a  mark  that  could  not  be  obliterated  by 
any  liquids  or  solids  present  in  the  wound.     Upon  this  hint 
Nelaton  and  Charriere  constructed  the  'porcelain  probe' — 
that  is,  a  slender  rod  of  metal,  five  or  six  inches  long,  and 
terminated  by  a  small  knob  of  porcelain,  the  mere  friction  of 
which  on  lead  was  found  to  be  sufficient  to  make  a  mark 
that  was  indelible  by  the  soft  parts  or  the  morbid  secretions 
of  a   wound.     Such  an  instrument  was  sent  out  to  Prof. 
Zanetti,  of  Pisa,  who  examined  Graribaldi's  wound  with  it, 
perceived  the  lead  mark,  thus  corroborated  Nelaton's  opinion, 
and  extracted  the  bullet  on  November  23,  1862. 

A  civil  engineer,  Mr.  De  Wilde,^  appears  to  have  been  the 
first  who  proposed  using  the  electric  bell  for  the  purpose  of 
showing  the  presence  of  a  bullet  in  a  wound.  He  has  con- 
structed a  galvanic  pair  connected  with  a  multiplier,  and  an 
exploring  probe.  When  the  circuit  is  closed,  the  galvanic 
current  causes  a  hammer  to  strike  against  an  alarum  bell ; 
and  this  is  repeated  when  the  circuit  is  opened.  M.  Kovacs, 
of  Pesth,  and  Prof.  Neudorfer,  have  constructed  similar  in- 

>  The  Lancet,  August  10,  1872. 
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struments ;  and  Messrs.  Krohne  and  Sesemann  have  manu- 
factured one  in  which  the  deflection  of  the  magnetic  needle 
indicates  the  presence  of  the  metal.  One  of  the  simplest 
contrivances  of  this  kind  appears  to  be  that  described  by 
Dr.  Oscar  Liebreich,^  of  Berlin. 

In  this  there  is  a  single  galvanic  pair  of  copper  and  zinc, 
which  may  be  charged  by  putting  a  piece  of  blotting-paper, 
moistened  with  salt-water,  over  it ;  and  both  the  galvanic 
pair  and  the  galvanoscope  are  compressed  into  the  smallest 
possible  space.  The  probe  ends  in  a  pear-shaped  knob  ;  the 
wires  run  in  an  insulating  sheath  of  india-rubber  and  end 
in  metallic  plates,  which  are  insulated  from  one  another  by 
a  cone  of  ivory.  If  the  diagnosis  has  to  be  made  by 
puncture,  ordinary  glovers,  or  sewing-needles,  may  be  con- 
nected with  the  conducting  wires.  When  the  probe  is  used, 
it  is  of  course  necessary  to  see  that  the  ends  of  the  conduct- 
ing wires  should  not  touch  one  another  outside  the  wound. 
Prof  Esmarch  and  Dr.  Hoffmann  have  used  this  probe  in  a 
doubtful  case  of  gunshot  wound,  and  were  by  means  of  it 
enabled  to  distinguish,  that  of  three  swellings  under  the  skin 
of  the  knee  in  a  private  soldier  who  had  been  wounded  before 
Metz,  two  were  owing  to  fragments  of  a  bullet,  while  another 
was  bone.  The  fragments  were  readily  extracted,  and  proved 
the  correctness  of  the  diagnosis. 

IV.— USE  OF  ELECTEICITY  FOR  ASCERTAINING  DEATH. 

The  thought  of  being  buried  alive  is  probably  the  most 
repulsive  one  which  may  present  itself  to  the  human  mind. 
Numbers  of  persons  have,  when  feeling  the  approach  of 
death,  requested  a  post-mortem  examination  to  be  held  in 
their    cases,  evidently   preferring    dissection   to    interment 

'  Berliner  klinische  Wochenschrift,  Oct.  23,  1870. 
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while  still  alive.  No  reasonable  doubt  can  be  entertained 
that  vast  numbers  of  men  have,  in  past  times,  been  buried 
alive,  more  especially  during-  epidemics  and  after  great 
battles ;  but  also,  in  isolated  instances,  after  poisoning, 
drowning,  lethargy,  etc.  Eachel,  the  celebrated  French 
actress,  had  been  eleven  hours  in  her  coffin  when  she  awoke 
from  her  trance,  and  lived  for  some  hours  afterwards.  Dr. 
Josat  states  that  in  France  about  thirty  or  forty  people  are 
annually  buried  alive.  On  February  27,  1866,  a  debate  on 
this  subject  took  place  in  the  French  senate.  M.  de  la 
Gueroimiere  said  that,  to  his  knowledge,  when  graves  had 
been  removed  in  old  burial-places,  '  skeletons  had  been  found 
in  their  coffins  in  all  sorts  of  positions.  Their  limbs,  hor- 
ribly distorted,  betrayed  the  last  revolt  of  life,  the  agony  of 
a  terrible  situation,  of  which  the  living  had  heard  neither 
a  cry  nor  even  the  last  sigh  ! '  Cardinal  Donnet  narrated 
that  he  had  saved  two  people  from  being  buried  alive,  and 
that  such  an  accident  very  nearly  occurred  to  himself: — 

In  1826,  a  young  priest,  while  standing  in  the  pulpit,  suddenly 
fell  down,  and  was  pronounced  to  be  dead  by  the  doctor  who 
examined  him.  He  heard  the  funeral  chant,  the  Be  Frofundis 
recited  at  his  bedside,  and  all  preparations  for  his  burial,  without 
being  able  to  move  or  to  pronounce  a  single  word.  A  provi- 
dential accident  allowed  him  to  come  out  of  his  trance  in 
time.  To-day,  having  become  the  Cardinal  Donnet,  he  requests 
the  powers  that  be  not  only  to  take  care  that  the  legal  forms 
concerning  burials  should  be  strictly  observed,  but  also  to  intro- 
duce new  tests,  in  order  to  prevent  irreparable  disasters. 

The  signs  of  death  which  are  most  generally  relied  upon 
are,  cessation  of  the  heart's  action  and  of  respiration,  a  con- 
siderable fall  of  temperature,  rigor  mortis,  the  dull  cornea,  the 
dilated  pupil,  non-transparency  of  the  fingers  to  candle-light ; 
and  finally,  decomposition.  All  of  these  signs,  however,  are  "j  jj  fUxi, 
occasionally  of  doubtful  value.  'deuJ'  (^ytji. 
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a.  Cessation  of  the  hearfs  action  and  of  respiration,  as 
evidenced  by  auscultation,  may,  in  certain  cases,  be  decep- 
tive. In  the  first  instance,  even  a  slight  degree  of  deafness 
in  the  practitioner  who  is  in  attendance  may  prevent  faint 
sounds  from  being  perceived  by  him  ;  and  secondly,  cases 
are  on  record  in  which  experienced  physicians  and  surgeons 
have  failed  to  observe  any  of  the  ordinary  phenomena  of 
auscultation  in  persons  who  were  only  apparently  dead,  and 
who  afterwards  recovered.^ 

b.  Decrease  of  temperature  is  no  certain  sign  of  death. 
In  some  cases  there  is  even  a  post-mortem  increase  of  tem- 
perature ;  and  in  hot  weather  the  fall  of  temperature  is  very 
slow.  On  the  other  hand,  the  temperature  may  be  as  low 
as  81*3°,  and  life  yet  be  extant.^ 

c.  Muscular  rigidity  is  likewise  not  an  infallible  sign  of 
death,  because  it  may  occur  during  life  in  tetanus,  strychnia, 
poisoning,  and  catalepsy  ;  and  it  fails  to  show  itself  at  all  in 
certain  other  forms  of  poisoning. 

d.  The  dull  cornea  occurs  in  severe  cases  of  fever,  and  in 
some  cerebral  affections  during  life,  while  it  is  absent  in 
certain  forms  of  poisoning. 

e.  The  dilated  pupil  is  observed  in  not  a  few  cases  of 
amaurosis  and  brain  disease  during  life. 

f.  Non-transparency  of  the  fingers  by  candle-light  may 
be  absent  in  persons  who  have  died  from  cholera  and  con- 
sumption ;  while  in  patients  who  have  during  life  suffered 
from  dropsy,  the  fingers  may  still  be  transparent  one  or  two 
days  after  death. 

g.  Decomposition  is  an  unquestionable  sign  of  death  ;  but 
is  often  exceedingly  slow  to  show  itself,  more  especially  in 
cases  of  poisoning,  in  habitual  drunkards,  and  in  persons  who 
have  died  of  diseases  accompanied  with  wasting. 

'  Vide  Von  Hasselt,  Die  Lehre  vom  Tode  und  Scheintode.     Leipzig,  1862. 
Bourneville,  in  Gazette  des  Hopitaux,  No.  5,  1872. 
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None  of  these  signs  are  as  ready  and  as  decisive  as  fara- 
disation, which  indicates  death  with  absolute  certainty, 
ivithin  two  or  three  hours  after  its  occurrence. 

The  application  of  galvanism  for  distinguishing  real  from 
apparent  death,  or  trance,  was  recommended  as  early  as 
1792  by  two  Grerman  physicians,  Drs.  Behrend  and  Creve ;  ^ 
and  the  anatomist  Soemmering  proposed  to  apply  the 
'  metallic  stimulus  '  in  such  cases  to  the  phrenic  nerve.  In 
this  country  FothergilP  endorsed  that  recommendation  ;  and 
Heidmann,^  of  Vienna,  followed  in  his  wake.  Boer,  Pro- 
fessor of  the  Obstetric  Institute  of  Vienna,  successfully  used 
static  electricity  for  the  purpose  of  deciding  between  life  and 
death  of  newly-born  infants,  and  found  that  if  muscular 
contractions  were  caused,  the  child  was  not  dead,  and  could 
generally  be  roused  to  life  by  the  application.  On  the  other 
hand,  if  no  contractions  were  observed,  even  the  most  zealous 
use  of  the  most  effective  means  of  resuscitation  failed. 

That  faradism  is  the  readiest  and  most  useful  form  of 
electricity  for  ascertaining  that  death  has  taken  place,  was 
first  pointed  out  by  Dr.  Crimotel,^  of  Paris,  who,  in  1852, 
submitted  a  memoir  to  that  effect  to  the  Conseil  de  >Salu- 
•brite  de  la  Seine,  and  stated  that  electro-muscular  contrac- 
tility continues  in  health  as  well  as  in  disease,  and  also  in 
lethargy,  apoplexy,  syncope,  and  all  kinds  of  asphyxia  or 
poisoning,  as  long  as  life  is  extant ;  but  that  when  faradic 
contractility  is  gone,  we  may  say  with  certainty  that  death 
has  taken  place.  This  property  is  not  extinguished  im- 
mediately after  death,  but  its  perceptible  and  gradual 
diminution  from  that  instant  shows  that  only  a  feeble  re- 
mainder of  vitality  is  left,  which  rapidly  becomes  less  and 

'  De  metallorum  irritamento  veram  ad  explorandam  mortem.     1793. 
^  A  New  Enquiry  into  the  Suspension  of  Vital  Action.     Bath,  1795. 
'  Zuverlassige  Priifungsmittel,  etc.     Wien,  1804. 
*  De  I'Epreuve  galvanique,  ou  Bioscopie  electrique.     Paris,  1866. 
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less  as  time  goes  on ;  and,  after  an  interval — which  varies 
according  to  circumstances,  from  half  an  hour  to  two  hours 
and  a  few  minutes,  but  never  as  much  as  three  hours — it  dis- 
appears altogether.  '  Electro-bioscopy,'  therefore,  according 
to  him,  not  only  prevents  the  terrible  misfortune  of  burying 
a  man  who  is  still  alive,  but  it  may  also  encourage  us  to  per- 
severe with  our  efforts  for  restoring  life  in  people  who  are 
apparently  dead  from  lethargy,  apoplexy,  syncope,  drowning, 
freezing,  the  inhalation  of  chloroform,  poisoning  by  charcoal 
fumes,  etc. ;  while  it,  finally,  proves  to  be  one  of  the  most 
effective  means  of  restoration  from  apparent  death. 

M.  Crimotel  recommends  for  this  purpose  a  small  faradic 
pocket  apparatus,  constructed  by  Morin,  of  Paris,  with  a 
sulphate  of  mercury  battery,  which  can  be  put  into  and  out  of 
action  in  a  minute,  and  yields  a  sufficiently  powerful  current 
for  rendering  the  test  decisive. 

After  having  experimented  upon  a  number  of  cases  of  ap- 
parent death  in  animals  and  men,  and  also  upon  deceased 
persons  of  all  ages,  and  who  had  died  of  the  most  varied 
complaints,  M.  Crimotel  has  arrived  at  the  following  con- 
clusions : — 

1.  Death  is  certain  when  the  muscles  have  entirely  lost  their 
faradic  contractility ;  on  the  contrary,  life  is  probably  extant 
when  this  property  is  preserved  in  its  full  integrity.  A  percep- 
tible diminution  of  it  is  a  sign  that  life  has  ceased  a  short  time 
ago.  In  newly-born  infants  he  has  found  the  contractility  to 
continue  from  fifteen  to  sixty  minutes  after  the  heart  had  ceased 
to  beat,  but  it  was  diminishing  progressively  all  that  time.  In 
children  and  adults  the  contractility  persists  longer  than  in 
infants,  and  the  length  of  its  post-mortem  continuance  varies 
according  to  the  nature  of  the  disease  and  the  kind  of  death ;  but 
it  never  continues  as  long  as  three  hours  after  death.  In  some 
cases  of  cholera  it  was  found  to  be  entirely  gone  half  an  hour  after 
life  had  become  extinct ;  the  same  was  observed  after  more  or 
less  prolonged  diseases  which  had  gradually  exhausted  the  vital 
forces,  such  as  phthisis,  typhoid  fever,  etc.     In  all  cases,  how- 
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ever,  in  "wliich  faradic  contractility  had  been  unimpaired  np  to 
the  last  moment  of  life,  it  was  seen  to  become  perceptibly  modi- 
fied soon  after  the  heart  had  ceased  to  beat.  The  most  powerful 
current  did  then  no  longer  produce  those  strong  movements  of 
flexion  and  extension  which  were  caused  during  life  ;  on  the 
contrary,  the  movements  were  limited,  the  contractions  enfeebled, 
and  at  last  only  slight  vibrations  could  be  observed,  which  were 
in  their  turn  followed  by  complete  absence  of  any  response 
whatever. 

2.  No  disease,  nor  any  kind  of  asphyxia  or  poisoning,  will 
during  life  abolish  the  faradic  contractility  in  all  the  '-muscles  of 
the  body.  Majendie  and  Royer  have  shown  that  in  dogs, 
poisoned  by  carbonic  oxide  and  sulphuretted  hydrogen,  the  con- 
tractility persisted  for  some  time  after  death.  Claude  Bernard 
has  found  the  same  to  be  the  case  with  woorali,  strychnia,  and 
other  poisons.  It  is  true  that  in  certain  forms  of  paralysis 
faradic  contractility  may  be  lost,  but  such  forms  of  paralysis 
never  affect  all  the  muscles  of  the  body.  In  muscular  atrophy, 
with  or  without  fatty  degeneration,  farado-puncture  would  pro- 
duce contractions,  and  the  diaphragm  would  respond  to  faradi- 
sation of  the  phrenic  nerve. 

3.  A  notable  diminution  of  faradic  contractility  in  the  whole 
muscular  system  is  a  sign  of  death.  In  apparent  death,  on  the 
contrary,  it  is  sometimes  augmented.  If  in  about  twenty  minutes 
after  the  occurrence  of  apparent  death  no  diminution  occurs,  life 
is  probably  still  extant. 

4.  '  Electro-bioscopy '  should  be  recommended  in  all  doubtful 
cases,  and  anyhow  where  the  relations  of  the  deceased  should 
desire  it  to  be  employed  ;  it  being  a  radical  means  for  preventing 
premature  interment. 

5.  The  faradic  test  becomes  indispensable  in  the  drowned,  the 
asphyxiated,  &c.,  and  should  be  imperatively  required  of  those 
practitioners  who  have  to  certify  in  cases  of  sudden  death. 
When  there  are  several  victims — as  from  shipwreck,  railway  acci- 
dents, &c. — it  would  have  the  additional  advantage  of  enabling 
the  attendants  to  distinguish  at  once  the  dead  from  the  living. 
The  doctors  would  therefore  be  in  a  position  not  to  lose  precious 
time  with  the  dead,  but  might  concentrate  their  attention  on 
those  who  would  still  be  benefited  by  it. 

(After  great  battles,  the  faradic  test  would  probably  prevent 
many  a  premature  burial). 
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In  newly- born  infants,  again,  wlio  do  not  give  signs  of  life, 
'  electro-bioscopy  '  ■wonld  be  of  the  utmost  value. 

6.  Tlie  faradic  test  will  allow  the  practitioner  to  certify,  if  a 
remainder  of  contractility  be  still  discovered,  that  death  has 
taken  place  within  three  hours  of  the  observation. 

7.  When  several  persons  have  perished  by  the  same  accident, 
the  test  may  permit,  in  certain  cases,  to  decide  in  which  order 
they  have  ceased  to  live. 

8.  In  the  hands  of  the  practitioner  the  test  becomes  at  the  same 
time  one  of  the  most  powerful,  prompt,  and  effective  means  for 
resuscitating  persons  who  have  apparently  ceased  to  live. 

Finally,  it  may  allow  the  authorities  to  accelerate  the  burial 
of  the  dead,  or  any  operations  to  be  performed  with  deceased 
persons ;  such  as  embalming,  post-mortem  examination,  &c., 
in  case  it  should  be  inconvenient  to  wait  for  the  ordinary 
delay. 

The  French  Code  prescribes  that  no  burial  may  take  place  until 
24  hours  after  death  ;  and  as  permission  is  only  given  24  hours 
after  declaration  has  been  made,  there  is  often  a  delay  of  40 
or  45  hours  altogether.  During  epidemics,  and  amongst  the 
poor,  an  earlier  interment  would  often  be  advisable. 

M.  Crimotel  has  given  some  cases  in  which  he  has  used  the 
faradic  test,  and.  of  which  I  have  tabulated  the  following  : — 


Time  of  extinction  of 

Sex 

Age 

Disease 

faradic  contractility  after 
death 

Female 

38 

Cholera 

30  minutes 

„ 

14 

Asphyxia  by  charcoal  fumes 

75        „ 

,, 

38 

„ 

100 

Male 

2  years 

,, 

100 

„ 

3  months 

J, 

100 

•■' 

31 

Cerebral  haemorrhage,  sudden 
death 

90 

» 

57 

,, 

110 

,, 

H 

Drowning 

115 

" 

64 

Pulmonary  congestion 

118 

Professor  Eosenthal,'  of  Viemia,  has  more  recently  inves- 
tigated the  whole  subject  in  a  scientific  manner.  He  followed 
the  gradual  extinction  of  both  faradic  and  galvanic  excita- 
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bility  of  the  nerves  and  muscles  after  death  in  twenty  cases, 
the  patients  having  died  from  various  diseases,  such  as  pneu- 
monia, apoplexy,  fever,  &c.  His  results  agree,  on  the  whole, 
with  those  of  M.  Crimotel.  He  found  that  the  post-mortem 
electric  excitability  disappears  more  rapidly  after  death  from 
chronic  than  from  acute  disease ;  that  it  remains  longer  in 
well-nourished  than  in  wasted  bodies,  and  that  it  is  gene- 
rally extinguished  in  from  ninety  minutes  to  three  hours.  In 
one  case,  when  all  traces  of  excitability,  even  to  galvano-  and 
farado-  puncture  by  a  most  powerful  current  had  disappeared, 
the  temperature  in  the  rectum  was  still  99*4%  and  the  joints 
were  still  quite  flexible ;  yet  death  could  be  diagnosed  with 
absolute  certainty.  In  amputated  limbs  he  found  faradic 
as  well  as  galvanic  excitability  well  preserved  during  the 
first  hour  after  the  operation ;  ninety  minutes  afterwards 
only  electro-puncture  could  show  traces  of  it,  and  in  two 
hours  after  no  response  whatever  took  place/  In  a  case  of 
drowning,  a  feeble  faradic  current  produced  good  contractions 
within  the  first  hour ;  after  that  it  was  necessary  to  increase 
the  power  of  the  current  in  order  to  cause  contractions  of  the 
same  streng-th  as  before.  In  two  and  a  half  hours,  only  the 
orbiculares  of  the  eye  and  the  mouth,  and  the  flexors  of  the 
fore-arm,  answered  to  the  maximum  power  of  the  apparatus. 
In  three  hours  and  a  quarter  electric  excitability  had  every- 
where vanished.  Eigor  mortis  only  appeared  after  five  hours 
in  the  hand,  and  after  six  hours  in  the  elbow. 

The  same  observer  has  recorded  an  interesting  case  of  trance 
in  a  hysterical  woman,  in  which  a  country  practitioner  had  de- 
clared death  to  have  ensued,  as  a  looking-glass  held  to  the 
month  did  not  show  any  moisture,  and  melted  sealing-wax 
dropped  on  the  skin,  caused  no  reflex  movements.  Rosenthal, 
who  was  accidentally  present,  found  the  skin  pale  and  cold,  the 
pupils  contracted  and  insensible  to  light,  the  upper  and  lower 
extremities  relaxed,  the  heart's  impulse  and  the  radial  pulse 
imperceptible.     Auscultation,  however,  showed  a  feeble,  dull,  and 
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intermittent  sound  in  the  cardiac  region.  "No  respiratory 
murmurs  were  audible.  All  the  muscles  of  the  face  and  extre- 
mities responded  well  to  the  faradic  current.  Although  the 
patient  had  been  apparently  dead  for  thirty-two  hours,  he  there- 
upon informed  the  relations  that  it  was  only  a  trance,  and 
recommended  that  attempts  at  resuscitation  should  be  persever- 
ingly  followed.  On  the  following  day  he  received  a  telegram  to 
say  that  the  patient  awoke  spontaneously  twelve  hours  afterwards, 
and  gradually  recovered  her  speech  and  movements.  Four  months 
afterwards  the  patient  called  upon  him,  and  informed  him  that  she 
knew  nothing  of  the  commencement  of  her  attack  of  lethargy  ;  that 
she  had  afterwards  heard  the  people  about  her  talk  of  her  death, 
but  had  been  utterly  unable  to  give  the  slightest  sign  of  life.  Two 
years  afterwards,  she  was  still  alive  and  tolerably  well.  Rosenthal 
appropriately  likens  this  condition  to  that  of  'nightmare,'  where, 
in  spite  of  distressing  sensations,  the  dreamer  is  unable  to  call  for 
help  or  to  make  any  movements  which  might  save  him  from 
some  imaginary  impending  danger. 
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The  therapeutical  sphere  of  the  several  forms  of  electricity 
has  of  late  become  so  much  enlarged,  that  those  who  have 
given  no  attention  to  the  gradual  progress  of  the  subject 
will  probably  think  the  catalogue  of  diseases  in  which  the  use 
of  electricity  is  now  recommended  too  long,  and  object  that 
a  remedy  which  is  employed  for  complaints  of  such  very 
different  character  is  not  likely  to  do  good  in  any.  But  it 
should  be  considered,  in  the  first  instance,  that  '  electricity  ' 
or  'galvanism'  is  not'  one  single  thing,  but  that  there  are 
four  different  forms  of  it,  each  of  which  possesses  pecu- 
liarities of  its  own  which  distinguish  it  from  its  fellows ; 
while  from  one  of  them,  viz.  the  continuous  current,  many 
radically  different  effects  may  be  obtained,  according  as  we 
use  its  stimulating,  electrotonic,  electrolytic,  or  cauteris- 
ing action.  Then,  again,  it  must  not  be  lost  sight  of  that 
modern  pathology  justly  attributes  a  far  more  important  influ- 
ence to  the  vaso-motor  and  trophic  systems  of  nerves  in  the 
production  of  disease  than  was  done  formerly,  and  that  an 
agent  which  has  been  experimentally  shown  to  possess  con- 
stant and  powerful  effects  on  these  systems  of  nerves  is  a'priori 
not  unlikely  to  be  effective  in  diseases  caused  by  a  patho- 
logical condition  of  the  same.  An  instance  of  this  is  to  be 
found  in  Basedow's  or  Grraves's  disease,  where  the  application 
of  galvanism  would  appear  a  priori  unreasonable,  unless  we 
were  guided  by  the  principle  just  enunciated.     Finally,  it 
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should  be  understood  that  I  by  no  means  wish  to  convey  the 
idea  that  all  diseases  which  are  discussed  in  this  chapter 
should  be  treated  by  some  form  of  electricity.  I  am  con- 
vinced that,  in  the  large  majority  of  cases  which  come  under 
our  care  in  the  course  of  practice,  there  are  three  or  four 
different  ways  of  curing  the  patient ;  and  it  is  the  object  of 
therapeutical  science  to  find  out  the  safest,  quickest,  and 
least  unpleasant  mode  of  doing  so.  This,  however,  can  only 
be  accomplished  by  comparing  the  results  obtained  from 
different  modes  of  treatment,  which  will  eventually  lead  us 
to  adopt  the  best.  In  the  following  chapter  it  has  been  at- 
tempted to  show  what  a  scientific  use  of  the  various  forms 
of  electricity  can  accomplish  for  the  alleviation  or  cure  of 
disease ;  but  it  is  by  no  means  intended  to  urge  its  exclusive 
adoption  in  place  of  other  remedies,  which  in  some  com- 
plaints may  be  equally,  or  perhaps  even  more,  effective. 
Certain  morbid  conditions  are  only  mentioned  in  order  to 
state  that,  for  the  present  at  least,  no  beneficial  effects  can 
be  expected  in  them  from  electricity.  On  the  other  hand, 
there  are  affections  in  which  nothing  hut  electricity  can  do 
real  good,  and  for  these  its  employment  will  be  strongly 
urged  ;  while,  finally,  there  are  some  in  which  electricity 
may  be  resorted  to,  either  after  other  modes  of  treatment 
have  failed,  or  where  physician  and  patient  incline  more  to 
electricity  than  to  physic,  or  to  a  mere  dietetic  and  hygienic 
kind  of  treatment. 

The  precise  mode  in  which  electricity  produces  its 
therapeutical  effects  is  still  to  a  great  extent  shrouded  in 
mystery ;  but  much  more  is  now  known  of  it  than  was  the 
case  formerly. 

A.  Static  Electricity  is  a  powerful  stimulant,  especially  for 
the  sentient  nerves,  and  may  be  used  with  benefit  wherever 
it  appears  desirable  to  produce  a  profound  modification  of 
their  condition.     It  appears  to  have  greater  effects  in  some 
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kinds  of  angesthesia  than  any  other  form  of  electricity,  and 
may  likewise  be  used  as  a  counter-irritant  in  headache  and 
certain  forms  of  neuralgia  and  spasm. 

B.  The  efifects  of  the  constant  current  are  much  more 
complicated  than  those  of  static  electricity,  and  in  many 
instances  do  not  as  yet  admit  of  a  satisfactory  explanation. 

Kemak  ^  was  the  first  to  attempt  such  an  explanation,  and 
distinguished  three  principal  effects  of  the  current,  viz.  the 
catalytic,  the  anti-spasmodic,  and  the  anti-paralytic.  The 
first  of  these  were,  according  to  him,  chiefly  seen  in  inflam- 
matory conditions  and  their  consequences-  He  called  them 
catalytic,  because  an  analysis  of  his  observations  satisfied 
him  that  where  the  current  removed  a  morbid  condition  of 
the  tissues  caused  by  defective  circulation,  or  by  efi"usions, 
this  was  not  due  to  electrolysis,  but  to  dilatation  of  the 
blood-vessels  and  lymphatics,  whereby  circulation  and 
absorption  were  facilitated.  The  catalytic  eifects  were  of 
service  in  inflammatary  conditions  of  the  l)rain  leading  to 
tremor  and  spasm  ;  in  inflammation  of  the  spinal  cord,  with 
consequent  palsy  of  the  lower  extremities,  bladder,  and 
rectum  ;  in  chronic  painful  rheumatism  of  the  joints,  muscles, 
tendons,  periosteum,  nerves,  and  in  certain  spasmodic  affec- 
tions caused  by  local  irritation  ;  in  inflammation  of  the  joints 
caused  by  injury  or  rheumatism ;  in  effusions,  more  es- 
pecially in  dropsy  of  the  joints  ;  and  in  painful  and  inflamed 
tumours.  Concerning  the  mode  of  application,  Eemak  was 
guided  by  the  circumstance  that  a  conveyance  of  liquids  is 
effected  between  the  two  poles,  and  which  proceeds  in  the 
direction  from  the  positive  to  the  negative  (electric  endos- 
mosis,  p.  45).  He  therefore  advised  to  place  the  cathode  to 
the  inflamed  part,  and  the  anode  somewhere  in  its  neighbour- 
hood ;  but  as  soon  as  symptoms  of  effusion  were  present,  the 

'  Loc.  cit.  p.  203. 
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position  of  the  electrodes  should  be  reversed.  Again,  where 
the  character  of  the  inflammation  was  erethic  the  positive, 
and  where  it  was  torpid  the  negative,  pole  should  be  em- 
ployed with  preference  near  the  seat  of  disease. 

The  anti-spasmodic  effects  of  the  continuous  current  were, 
according  to  the  same  observer,  partly  due  to  its  increasing 
the  power  of  volition  over  the  muscles  affected  by  spasm  or 
tremor,  and  to  its  removing  catalytically  any  irritation  which 
might  cause  the  spasm  ;  and  partly  to  a  direct  reduction  of 
the  exalted  excitability  of  the  nerves  or  muscles.  These 
effects  were  chiefly  seen  in  the  treatment  of  reflectory  spasms, 
such  as  blepharo-spasm  and  histrionic  spasm ;  in  the  com- 
mencement of  shaking  palsy ;  in  nystagmus  ;  in  scrivener's 
palsy,  stammering,  and  chorea. 

The  anti-paralytic  effects  of  the  continuous  current  were 
seen  chiefly  in  hemiplegia  and  paraplegia,  provided  the 
disease  causing  these  affections  had  not  too  profoundly 
injured  the  nutrition  and  structure  of  the  brain  and  cord ; 
and  also  in  anassthesia,  atrophy  of  the  muscles,  traumatic 
paralysis,  and  secondary  paresis. 

Eemak's  theories,  although  somewhat  crude,  nevertheless 
contain  germs  of  truth  which  it  would  be  foolish  to  ignore. 
The  real  difliculty  which  is  experienced  in  explaining  the 
therapeutical  effects  of  the  constant  current  lies  in  the  fact 
that  we  at  present  know  only  little  of  the  finer  processes  of 
disease  of  the  nervous  system  ;  and  the  difiiculty  is  therefore 
more  of  a  pathological  than  of  a  therapeutical  kind.  The 
case  of  electricity  in  this  respect  is,  for  the  same  reason,  by 
no  means  an  isolated  one  ;  for  nobody  has  as  yet  succeeded  in 
explaining  the  exact  manner  in  which  strychnia,  phosphorus, 
nitrate  of  silver,  and  other  reputed  nervine  remedies,  act  in 
nervous  diseases.  Indeed,  we  may  say  that  we  have  far  more 
accm-ate  notions  concerning  the  effects  of  electricity  than  con- 
cerning the  action  in  the  system  of  the  medicines  which  have 
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just  been  enumerated.  Further  researches  bearing  upon  prac- 
tical electro-therapeutics,  as  well  as  upon  the  pathology  of  the 
nervous  system,  will  no  doubt  considerably  modify  our  present 
ideas  on  the  therapeutical  action  of  electricity ;  and  the  fol- 
lowing remarks  must  therefore  be  taken  not  as  permanently 
settling  the  numerous  questions  under  consideration,  but 
simply  as  expressing  the  most  advanced  ideas  of  the  day  on 
these  matters. 

Pfliiger's  researches  on  electrotonus  appear  to  us  to  supply 
the  key  to  the  large  majority  of  the  therapeutical  applica- 
tions of  the  constant  current.  We  have  seen  (p.  210)  that  a 
continuous  current  which  passes  through  a  nerve,  causes 
certain  alterations  of  excitability  in  the  same,  viz.  a  zone  of 
increased  excitability  in  the  neighbourhood  of  the  cathode, 
and  a  zone  of  diminished  excitability  in  the  neighbom-hood 
of  the  anode.  Cyon  has  proved  that  Pfliiger's  researches, 
which  were  made  on  rheoscopic  limbs,  hold  good  for  the 
nerves  of  the  living  man  likewise ;  and  the  systematic  jpro- 
duction  of  catelectrotonus  and  anelectrotonus,  for  the  pur- 
pose of  increasing  or  diminishing  the  excitability  of  diseased 
portions  of  the  nervous  system,  has  thus  been  shown  to  be  a 
therapeutical  possibility.  The  polarising  or  electrotonic 
effects  of  the  cm-rent  may  therefore  be  utilised  in  certain 
forms  of  paralysis  and  ansesthesia,  where  catelectrotonus 
should  be  produced,  and  in  spasm  and  hypersesthesia,  where 
anelectrotonus  finds  its  appropriate  sphere  of  action.  "We 
have  thus  found  a  scientific  explanation  for  Eemak's  '  anti- 
paralytic  '  and  '  antispasmodic '  effects.  With  regard  to  the 
special  mode  of  application,  it  may  be  laid  down  as  a  general 
principle  that  for  the  nervous  centres  the  continuative  appli- 
cation (p.  340)  is,  under  all  circumstances,  the  most  appro- 
priate, while  for  the  peripheral  nerves  and  muscles  the  con- 
tinuative application  should  be  combined  in  most  cases  with 
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an    intermittent    application,    which    produces    particularly 
stimulating  effects. 

This  brings  us  to  a  second  point  which  we  have  to  consider 
in  the  therapeutical  applications  of  the  current.  We  have 
seen  in  the  second  chapter  that  the  continuous  current  is  a 
powerful  stimulant  for  all  the  different  portions  of  the  ner- 
vous system,  and  that  these  stimulating  effects  become 
naore  particularly  developed  where  an  intermittent  applica- 
tion and  voltaic  alternatives  are  resorted  to.  Passes  with 
the  cathode,  and  voltaic  alternatives  in  the  metallic  circuit, 
are  therefore  the  necessary  complement  of  catelectrotonus 
in  cases  where  a  powerfully  stimulating  effect  upon  certain 
portions  of  the  nervous  system  is  required. 

The  refreshing  or  restorative  effects  of  the  continuous 
current  may  likewise  be  utilised  in  a  variety  of  pathological 
conditions,  particularly  in  cases  of  exhaustion  of  the  several 
parts  of  the  nervous  and  muscular  systems,  in  consequence  of 
over-exertion.  The  inverse  current  is  more  effective  in  these 
cases  than  the  direct. 

The  electrolytic  action  of  the  continuous  current  is  unques- 
tionably one  of  its  most  important  properties.  That  such  an 
action  takes  place  dm'ing  the  percutaneous  application  of  the 
current  is  not  only  a  priori  probable,  but  is  also  definitely 
proved  by  the  peculiar  effects  of  the  anode  and  cathode  on 
the  unbroken  skin  (p.  265).  It  is  at  present  not  settled 
what  peculiar  kind  of  influence  the  electrolytic  effects  of  the 
current,  when  percutaneously  applied,  exert  in  therapeutics, 
nor  in  what  classes  of  cases  they  are  practically  useful ;  but  a 
persevering  study  of  this  most  difficult  point  will  no  doubt  in 
course  of  time  lead  to  scientific  and  practical  results  of  the 
greatest  importance. 

These  remarks  apply  likewise  to  the  endosmotic  effects  of 
the  cm-rent,  which,  although  closely  allied  to  the  electrolytic 
action,  yet  are  essentially  different  from  the  same. 


CHAP.  V.  ELECTKO-THEEAPEUTICS  475 

Eemak's  catalytic  effects  of  the  constant  current  are  those 
which  are  produced  by  direct  stimulation  of  the  vaso-motor 
nerves,  which  latter  transmit  the  influence  to  the  blood-vessels 
and  lymphatics.  In  this  way  the  processes  of  nutrition 
throughout  the  system  may  be  influenced  by  galvanisation. 
It  appears  to  us  that  for  '  catalysis '  we  might  substitute  the 
more  intelligible  term  of  '  catelectrotonus.'  By  catelectro- 
tonus  of  the  vaso-motor  nerves  absorption  is  promoted,  and 
effusions  may  thus  be  removed  into  the  general  circulation. 
]Most  probably  the  therapeutical  effects  of  the  cm-rent  in 
rheumatism  and  rheumatic  gout,  in  neuritis,  in  dropsy  of 
the  joints,  &c.,  are  owing  to  what  may  be  called  'catalysis,' 
or  better, '  catelectrotonus  of  the  vaso-mnotor  system  of  nerves.'' 
One  of  the  best  modes  of  utilising  these  effects  of  the  current 
is  to  resort  to  the  proceedings  known  as  '  galvanisation  of  the 
cervical  sjmipathetic  nerve.' 

We  have  already  several  times  been  compelled  to  allude 
to  Brenner's  so-called  '  polar  method  of  galvanisation,'  and 
we  have  now  to  discuss  the  question  whether  this  polar 
method  has  any  secure  physical  or  physiological  foundation 
and  practical  usefulness.  Brenner  has  denied  the  possibility 
of  sending  an  electric  current  with  certainty  through  the 
uninjured  human  body,  and  is  of  opinion  that  nothing  is 
certain  except  the  action  of  the  two  poles,  which  always  re- 
mains the  same ;  that  the  direction  of  the  current  is  utterly 
devoid  of  influence  ;  and  that  the  intra-polar  portion  of  the 
nerve  must  not  be  considered  as  traversed  by  the  current. 

Brenner's  theory,  which  prima  facie  seems  to  run  counter 
to  all  the  best  established  facts  in  electro-physiology  and 
therapeutics,  has,  in  spite  of  the  remarkable  ingenuity  of  its 
progenitor,  not  found  any  favour  with  electro-therapeutists 
generally ;  but  a  staunch  champion  for  it  has  lately  arisen 
in  Professor  Erb,^  of  Heidelberg.     Erb  considers  that  the 

'  Volckmann's  Klinische  Vortrage,  No.  46, 1872. 
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effects  of  the  poles  are  everything  in  therapeutics — first, 
because  the  effects  of  the  direction  of  the  current  have  not 
yet  found  a  satisfactory  explanation  ;  secondly,  because  the 
stimulating,  electrotonic,  and  electrolytic  effects  are  simply 
polar  ;  and  finally,  because  most  parts  of  the  body  may  during 
life  be  brought  under  a  sufficiently  powerful  polar  action, 
while  the  parts  cannot  be  brought  under  the  influence  of  a 
special  direction  of  the  current  on  account  of  its  too  feeble 
density.  These  reasons  appear  to  Erb  sufficient  to  make  him 
prefer  the  polar  method  to  any  other ;  but  he  at  the  same 
time  confesses  that  that  method  lacks  a  secure  scientific  basis 
as  long  as  our  knowledge  of  the  effects  of  the  poles,  and  of 
the  pathological  alterations  we  have  to  treat  by  them,  re- 
mains defective.  He  therefore  considers  it  in  most  cases  the 
best  to  trust  simply  to  experience  when  we  have  to  consider 
which  pole  to  use  in  any  special  case.  In  neuralgia  he  would 
first  try  to  induce  anelectrotonus,  or  the  condition  of  dimi- 
nished excitability  of  the  nerve ;  but  he  would  not  be  surprised, 
nor  find  it  in  contradiction  with  polar  principles  generally, 
if  in  certain  cases  the  production  of  catelectrotonus  were 
to  cure  the  neuralgia.  It  would  then  only  be  necessary 
to  alter  our  ideas  on  the  nature  of  such  cases  of  neuralgia, 
and  on  the  curative  polar  effects.  On  the  other  hand,  Erb 
does  not  go  so  far  as  to  recommend  the  use  of  the  polar 
method  in  all  cases  ;  for,  where  the  catalytic  or  trophic  effects 
are  to  be  utilised,  he  would  prefer  placing  both  poles  to  the 
diseased  organ,  so  as  to  make  the  current  pass  through  it  as 
completely  as  possible  :  this  would  be  the  case  with  the 
brain,  the  joints,  and  the  muscles ;  nevertheless,  he  thinks 
that  even  in  these  cases  future  researches  will  teach  us  a 
more  suitable  mode  of  polar  application. 

Dr.  Burckhardt,  of  Basle,  has  made  a  series  of  experiments 
with  the  special  object  of  testing  the  correctness  of  Brenner's 
theory,  which  have  been  carefully  performed,  and  led  to  very 
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convincing  results.  The  first  question  he  endeavoured  to 
determine  was,  whether  it  is  possible  or  not  to  send  a  con- 
tinuous current  in  a  certain  direction  through  a  nei've. 
In  a  dead  body,  after  rigor  mortis  had  set  in,  the  sciatic 
nerve  was  laid  bare  from  the  anterior  surface  of  the  thigh, 
its  sheath  opened,  the  nervous  matter  taken  out,  and  laid 
upon  two  pieces  of  wood  which  were  made  to  bridge  over 
the  wound  of  the  skin.  A  continuous  current  was  now  ap- 
plied to  the  posterior  surface  of  the  thigh,  one  electrode 
being  placed  to  the  foramen  ischiadicum  majus,  and  the  other 
to  the  back  of  the  knee-joint,  the  skin  in  both  places  being 
uninjured.  A  galvanometer  was  connected  with  the  portion 
of  the  nerve  that  had  been  laid  bare,  and  on  closing  the 
circuit  the  needle  was  seen  to  become  deflected.  This  de- 
flection of  the  needle  varied  according  to  the  direction  of  the 
current ;  and  it  is  therefore  no  longer  allowed  to  be  asserted 
that '  it  is  impossible  to  send  a  current  in  a  certain  direction 
through  a  nerve.' 

In  order  to  test  the  direction  of  a  current  passing  through 
the  spinal  cord,  the  spine  was  laid  open  anteriorly;  the 
bodies  of  the  third  and  seventh  dorsal  vertebrae  were  drilled 
through,  so  that  steel  needles  could  be  inserted  into  the 
cord.  A  continuous  current  was  then  directed  to  the  cer- 
vical and  lumbar  spine,  the  electrodes  being  applied  to  the  un- 
broken skin  of  the  back.  A  deflection  of  the  needle  was 
obtained,  and  when  the  direction  of  the  current  was  reversed, 
the  needle  was  deflected  in  the  opposite  direction.  An  analo- 
gous experiment  was  performed  on  the  brain.  Two  holes  were 
drilled  over  the  orbits,  and  in  the  centre  of  the  parietal 
bones ;  steel  needles  were  then  inserted  into  the  cerebral 
substance,  for  deriving  a  portion  of  the  current.  The  elec- 
trodes were  placed  on  the  forehead  and  on  the  back  of  the 
head,   and   a   deflection   was    obtained ;     on   reversing    the 
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direction   of  the  current,  the  needle   was  deflected   in   the 
opposite  direction. 

The  results  of  these  and  some  other  experiments  of  Burck- 
hardt's,  which  we  cannot  detail  here,  show  that  there  is  no 
difficulty  luhatever  in  sending  a  continuous  current  in  a 
constant  direction  through  the  large  nerve-trunks,  the  cord, 
brain,  and  cervical  sympathetic  nerve  ;  and  as  the  living 
body  is  a  better  conductor  than  the  dead,  such  a  transmis- 
sion of  the  current  will  be  easier  during  life  than  after 
death. 

Dr.  Hitzig,^  of  Berlin,  has  very  properly  drawn  attention 
to  the  circumstance  that  the  whole  controversy  on  Brenner's 
polar  method  is  hardly  worth  the  labour  (and  we  may  add, 
the  excitement)  which  has  been  spent  for  the  purpose  of  re- 
futing or  supporting  it.  It  is  true  that  the  auditory  nerve 
responds  only  to  closing  at  the  cathode  and  opening  at  the 
anode;  but  all  the  motor  nerves  answer  to  closing  at  the 
cathode  as  well  as  the  anode.  The  polar  method  cannot, 
therefore,  be  maintained  in  that  instance.  In  order,  however, 
to  show  whether  strictly  polar  effects  are  possible,  Hitzig  en- 
deavoured to  pass  the  current  transversely  through  a  nerve. 
Earlier  experiments  on  this  point  had  rendered  it  highly  im- 
probable that  any  response  would  take  place  under  such  cir- 
cumstances. Hitzig  used  clay  electrodes,  provided  with  a 
transverse  fissure,  for  receiving  the  nerves  of  two  frogs'  limbs, 
the  thighs  of  the  limbs  being  turned  in  opposite  directions. 
Now,  if  strictly  polar  effects  existed,  the  thigh  in  connection 
with  the  cathode  should  respond  by  contraction  on  closing, 
and  the  thigh  in  contact  with  the  anode  should  contract  on 
opening  the  circuit.  The  result,  however,  was  absolutely  nil. 
A  contraction  was  only  perceived  if  an  enormous  galvanic 
power  was  used ;  and  even  then  it  could  be  traced  to  the  cur- 

'  Deutsche  Kliuik,  1872,  p.  414. 
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rent  having  a  certain  direction  in  the  nerve,  caused  by  slight 
faults  in  the  position  of  the  electrodes  and  rheoscopic  limbs. 
There  are,  therefore,  no  strictly  polar  effects  to  be  shown  ex- 
perimentally in  the  frog's  limb,  and  this  is  equally  impossible 
in  the  living  body.  The  result  of  this  experiment  entirely 
refutes  Brenner's  principle  ;  and  the  only  diflSculty  that  has 
still  to  be  met  would  be,  to  explain  that  wonderful  galvanic 
response  of  the  auditory  nerve  which  has  excited  the  enthu- 
siasm of  Brenner  and  his  disciples.  Hitzig  accounts  for  this 
by  the  following  considerations  :  The  cathode  is  that  portion 
of  the  closing  arch  where  the  current  passes  from  the  part  to 
be  examined  and  enters  into  another  of  a  different  nature. 
In  the  frog's  limb  this  is  the  electrode,  in  the  motor  nerve  of 
a  man  it  is  the  soft  parts  surrounding  the  nerve  ;  but  in  the 
auditory  nerve  the  current  is,  as  it  were,  directed  into  different 
parts  before  entering  the  nerve.  Some  portions  of  the  cur- 
rent pass  through  the  nerve  in  a  direction  towards  the  brain ; 
and  for  these  the  point  where  the  current  leaves  the  nerve  is 
no  longer  cathode,  because  the  brain  and  the  auditory  nerve 
are  not  differently  composed  bodies.  Physically  speaking, 
the  cathode  influences  the  brain  beyond  the  organ  of  hearing, 
and  this  is  probably  the  reason  for  the  apparent  anomaly  of 
the  response  of  the  auditory  nerve.  The  latter  would,  there- 
fore, represent  simply  the  anelectrotonised  portion  of  a  nerve 
traversed  in  its  longitudinal  direction  by  the  current. 

The  mode  in  which  faradisation  acts  is  not  nearly  so 
complicated,  and  therefore  much  better  understood.  For 
paralytic  affections,  the  propositions  which  I  laid  down  four- 
teen years  ago  in  the  first  edition  of  this  work  are  still  in 
perfect  consonance  with  our  present  enlarged  knowledge  of 
this  subject. 

They  are  as  follows  : — 

a.  The  faradic  stiraulus  is  capable  of  disturbing  the 
'molecular  equilibrium  of  the  motor  nerves  and  muscles 
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SO  as  to  produce  the  state  in  which  they  are  physiologically 
active.  This  disturbance,  if  judiciously  produced,  does 
not  cause  any  injury,  hut  tends  to  re-establish  or  to  'ame- 
liorate the  lost  or  impaired  function  of  the  r)iotor  nerves 
and  muscles. 

b.  The  faradic  stimulus  allows  the  necessary  alternate 
contraction  and  expansion  of  the  muscles,  without  which 
their  nutrition  is  generally  soon  seriously  ir)ipaired. 

c.  The  faradic  stimulus,  by  producing  contractions  of 
the  muscles,  and  thus  augmenting  the  chemical  changes  in 
— that  is,  the  oxidation  of — the  contractile  tissue,  causes  a 
more  abundant  supply  of  arterial  blood  to  it,  which  is  evi- 
denced by  an  increase  of  heat  and  bulk  in  those  parts 
which  have  been  faradised,  and  which  in  its  turn  aug- 
ments the  nutrition  of  the  muscle. 

In  ansesthesia,  hypergesthesia,  and  spasm,  faradisation  acts 
in  the  same  manner  as  static  electricity,  viz.  by  modifying 
the  condition  of  the  sentient  nerves  of  the  part  submitted  to 
its  influence. 

If  it  has  been  decided  to  adopt  an  electric  treatment  in  a 
given  case,  and  the  special  form  of  electricity  to  be  used,  as 
well  as  the  mode  of  its  administration,  has  been  fixed  upon, 
it  further  remains  to  determine  how  often  it  should  be  used, 
and  when  the  treatment  should  be  discontinued.  In  rare 
cases,  one  or  two  applications  of  electricity  are  sufficient  to 
cure  a  patient ;  such  being  chiefly  instances  of  hysterical 
and  reflex  paralysis,  loss  of  voice,  muscular  rheumatism,  and 
amenorrhoea.  Grenerally  speaking,  however,  it  is  necessary 
to  use  electricity  for  a  month  or  six  weeks,  either  daily  or 
on  alternate  days,  according  to  the  severity  of  the  affection 
for  the  cure  of  which  it  is  employed.  If  the  patient  is  well 
before  the  month  is  over,  it  is  not  necessary  to  continue  the 
treatment ;  in  some  instances  it  may  even  be  hurtful  to  do 
so.     An  example  of  this  latter  kind  will  be  found  in  the 
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section  on  neuralgia.  As  all  nervous  affections  are  distin^ 
guished  by  their  great  tendency  to  relapses,  further  courses 
of  galvanism  are  sometimes  advisable,  if  symptoms  which 
have  in  the  first  instance  yielded  to  it  should  re-appear  at 
any  time  after  it  has  been  discontinued.  If  the  patient 
should  not  be  well  at  the  end  of  a  month  or  six  weeks,  it  is 
generally  better  to  discontinue  the  treatment  for  one  or  two 
months,  and  then  to  recommence  it.  A  second  course  of 
galvanism  often  rapidly  cures  symptoms  which  have  obsti- 
nately resisted  the  first.  Complaints  in  which  the  galvanic 
treatment  may  be  continued  without  any  interruption,  until 
the  patient  is  well,  are  progressive  muscular  atrophy  and 
spinal  and  peripheral  paralysis. 

A  good  rule  for  practically  settling  such  questions  is  the 
following:  Discontinue  the  treatment  ivhen  the  patient 
ceases  to  improve ;  or  when  he  gets  worse  instead  of  better ; 
or  when  symptoms  of  galvanic  saturation  of  the  system  he- 
gin  to  make  their  appearance. 

In  speaking  of  a  saturation  of  the  system  with  galvanism 
(a  subject  to  which  no  previous  writer  has  alluded),  I  do  not 
mean  a  material  accumulation  of  the  galvanic  fluid,  which 
could  be  compared  to  the  accumulation  of  certain  poisons, 
such  as  arsenic,  strychnia,  or  digitalis ;  of  these  we  know 
that  sometimes,  after  having  been  given  in  minute  doses  for 
a  certain  period  without  apparent  effects,  they  suddenly 
cause  violent  symptoms,  which  must  be  traced  to  an  undue 
quantity  of  them  having  accumulated  in  the  system.  But 
while  arsenic  may  still  be  discovered  in  the  system  ten  days 
after  the  last  dose  has  been  given,  the  galvanic  current 
ceases  to  circulate  as  soon  as  the  application  is  over.  It  is, 
therefore,  only  the  effects  of  the  application  of  galvanism 
which  can  give  rise  to  symptoms  of  saturation.  Faradic 
electricity  never  seems  to  lead  to  such  sjnnptoms  at  all, 
probably  because  it  has  no,  or  only  slight,  constitutional 

I  I 
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action.  The  continuous  current,  on  the  other  hand^which 
has  a  far  more  profound  influence  upon  the  central  nervous 
system,  and  all  the  processes  of  nutrition  throughout  the 
body,  than  faradism — not  unfrequently  causes  symptoms 
which,  if  present,  should  induce  us  to  discontinue  the  treat- 
ment at  least  for  a  time.  The  most  striking  of  these  symp- 
toms I  have  found  to  be  a  persistent  galvanic  taste,  which 
does  not  disappear,  as  it  generally  does,  immediately  or  soon 
after  the  application,  but  lasts  the  whole  day  and  night 
afterwards,  and  sometimes  even  longer.  Other  symptoms  of 
galvanic  saturation  are  disturbed  sleep,  restlessness,  singing 
in  the  ears,  vertigo,  and  a  general  sense  of  lassitude.  If 
these  are  perceived  in  the  fourth,  sixth,  or  eighth  week  of 
a  galvanic  treatment,  they  show  that  the  system  is  be- 
coming over-polarised,  and  that  the  galvanism  has  ceased 
to  be  useful.  -  I  have  never  continued  the  treatment  under 
such  circumstances,  for  the  mere  purpose  of  seeing  what 
degree  of  over-stimulation  might  be  reached,  and  what 
amount  of  harm  a  continued  application  might  do  in  a  given 
case.  I  am,  therefore,  unable  to  say  what  would  ultimately 
be  the  result  of  such  a  proceeding.  But  I  have  no  doubt 
that  serious  mischief  would  result  by  continuing  the  treat- 
ment, contrary  to  common  sense,  in  such  cases ;  just  as  we 
know  that  harm  is  done  when  the  use  of  arsenic,  digitalis, 
or  strychnia,  is  pushed  beyond  reasonable  limits.  As  a 
rule,  nothing  but  discontinuance  of  the  galvanic  treatment 
is  required  for  relieving  symptoms  of  saturation ;  but  if 
hypersesthesia  should  be  marked,  twenty-grain  doses  of 
bromide  of  potassium,  two  or  three  times  a  day,  for  a  few 
days  or  a  week,  would  be  appropriate. 

I  now  proceed  to  consider  the  therapeutical  effects  of  the 
different  forms  of  electricity  in  those  diseases  for  the  relief 
or  cure  of  which  they  have  been,  or  should  be,  medically 
employed. 
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L— DISORDERS  OF  THE   MIND. 

Most  authors  on  electro-therapeutics  are  silent  on  this 
subject ;  yet  it  appears  that,  soon  after  the  discovery  of  the 
voltaic  pile,  when  the  continuous  current  was  used  for  every 
disease  under  the  sun,  in  certain  cases  of  mental  disorders 
benefit  resulted  from  a  galvanic  treatment.  The  earliest 
recorded  case  is  one  which  occurred  in  the  practice  of  Dr. 
Bischoff,^  and  which  was  that  of  a  hysterical  woman,  aged 
28,  who  suffered  from  paralysis  of  the  right  side,  was  con- 
tinually crying,  and  in  a  high  state  of  stupor,  and  who  was 
cured  of  all  these  symptoms  by  a  galvanic  treatment.  Au- 
gustin*  speaks  of  a  boy,  aged  10,  who  after  ague  became 
subject  to  catalepsy  and  afterwards  to  paralysis,  and  who 
likewise  suffered  in  his  reason  ;  but  who,  after  three  weeks  of 
galvanic  treatment,  was  cured  of  the  paralysis,  and  became 
more  brisk  and  energetic  in  his  mind.  Aldini,^  Galvani's 
nephew,  states  that  he  has  cured  two  persons  suffering  from 
melancholia  by  galvanism,  and  adduces  the  testimony  of 
several  physicians  in  corroboration  of  his  statement. 

Gralvanism,  however,  soon  afterwards  fell  into  disuse,  and 
it  was  not  until  Faraday  had  discovered  the  phenomena  of 
induction,  and  after  Duchenne  had  commenced  to  utilise 
that  discovery  for  medical  practice,  that  further  therapeutical 
experiments  with  electricity  in  insanity  were  undertaken.  Dr. 
Arndt  ■*  states  that  the  rotatory  apparatus  was  at  one  time 
very  much  employed  in  the  Grerman  lunatic  asylums,  in  the 
greatest  variety  of  cases,  and  that  it  occasionally  did  a  certain 
amount  of  good,  but  that  as  a  rule  the  effect  was  nil.     The 

'  Commentatio  de  usu  galvanismi  in  arte  medica.     Jena,  1801. 
^  Versuch  einer  ToUstandigen  sj^stematischen  Geschichte,  &c.     Berlin,  1803. 
^  Essai  th^orique  et  experimental  sur  le  galvanisme.     Paris,  1804. 
*  Die  Electricitat  in  der  Psychiatrie.     Archiv  fiir  Psychiatrie  und  N  erven - 
krankheiten,  vol.  ii.  p..271. 
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patients  disliked  the  application  very  much,  and  it  was  after 
a  time  only  used  for  intimidating  maniacs  and  abating 
violence.  In  some  cases  it  evidently  did  harm.  It  is  true 
that  in  cases  of  melancholia  the  mind  at  first  became  more 
open  and  clearer ;  but,  as  time  went  on,  excitement  took  the 
place  of  melancholia,  and  increased  to  the  most  fearful 
violence.  When  the  volta-faradic  machines  took  the  place 
of  the  old  rotatory  apparatus,  they  had  a  short  period  of 
popularity,  but  were  soon  put  away  as  of  no  real  use. 

In  France  faradism  had  in  the  meantime  likewise  been 
used,  and  apparently  with  better  results.  M.  Teilleux* 
began  his  researches  on  this  subject  in  1845,  and  found  that, 
although  the  current  was  no  specific  remedy  for  insanity,  yet 
it  did  good  in  well-selected  cases.  He  looked  upon  it  as  a 
powerful  stimulant,  and  used  it  in  cases  where  ansesthesia, 
atony,  and  want  of  cerebral  activity,  were  prominent  symp- 
toms. Abulia  and  depression  were  by  its  means  relieved, 
while  under  certain  circumstances  it  acted  as  a  sedative, 
strengthened  the  power  of  the  nervous  system,  and  improved 
circulation.     The  following  is  one  of  Teilleux's  cases  : — 

A  woman,  aged  35,  had  for  several  years  suffered  from  a  high 
degree  of  depression,  lypemania,  and  hypochondriacal  mania. 
Being  of  an  intractable  and  irritable  temper,  habitually  costive, 
and  irregularly  menstruated,  she  had  to  undergo  great  anxiety 
and  privations,  was  infected  with  secondary  syphilis,  and  finally 
became  insane.  She  thought  herself  constantly  persecuted,  sus- 
pected everybody  near  her,  refused  food  and  work,  and  com- 
plained constantly  of  stomach-ache.  She  was  treated  for  twenty 
days  by  faradisation  of  the  skin  over  the  brachial  plexus,  at  the 
nape  of  the  neck,  the  epigastrium,  the  loins,  and  the  pelvic 
nerves  ;  after  which  she  had  improved  in  appearance,  her  appetite 
and  strength  returned,  circulation  was  more  regular,  and  men- 
struation became  re-estabhshed.  She  then  had  a  course  of  iodide 
of  iron  and  mineral  waters,  and  was  discharged  cured  three 
months  afterwards, 

'  De   I'application  de  I'electricit^   au  traitement  de  I'ali^nation  mental©. 
Annales  mMico-psychologiques,  1859.     Tome  v.  p.  353. 
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M.  Auzouy,^  like  Teilleux,  physician   to   the  Asylum  of 
Mareville,  came  to  .somewhat  different  conclusions.    He  looks 
upon  certain  peripheral  phenomena  not  as  complications,  but 
as  symptoms,  of  the  cerebral  disease,  and  considers  that  when 
they    have    once  made  their  appearance  they  are  of  great 
influence  upon  the  further  progress  of  the  case.     An  organ 
which,  according  to  him,  plays  a  prominent  part  in  these 
conditions,  is  the  skin,  which  serves  to  maintain  animal  heat 
at  a  proper  standard,  keeps  the  individual  in  contact  with 
the  world,  and  is  of  importance  for  perspiration  and  absorp- 
tion.    By  its  nerves  it  is  intimately  connected  with  the  brain, 
and  impressions  made  on  the  skin  are  transmitted  to,  and 
perceived  in,  the  cranial  centre.     In  lunatics  the  action  of 
the  skin  is  generally  impaired,  and  often  nearly  lost.     This 
condition  should  be  combated   by  the  physician,  who  may 
thus  in  an  indirect  manner  act  upon  the  brain  itself.    Magneto- 
faradism  is,  according  to  Auzouy,  one  of  the  best  means  at 
our  disposal  for  this  purpose.     It  causes  a  complete  change, 
renews  life,  revives  the  functions  of  the  skin  which  were  in 
abeyance,  accelerates  circulation,  and  rouses  the  whole  nervous 
system.     It  is  therefore  chiefly  suitable  for  apathy  and  stupor, 
but  it  is  likewise  an  excellent  remedy  for  overcoming  resist- 
ance and  defiance,  for  inducing  the  patients  to  take  food, 
and  it  may  replace  the    strait-waistcoat  and  douche.     M. 
Auzouy  has  related  the  following  case : — 

A  brewer,  aged  30,  had,  in  consequence  of  irregular  habits  and 
the  abuse  of  alcoholic  liquors,  got  into  a  highly  nervous  condition, 
and  ran  one  night,  tortured  by  anxiety  and  remorse,  to  the  house 
of  his  priest  in  order  to  confess  himself.  The  priest  did  his  best 
to  convince  him  that  there  was  no  fear  of  eternal  damnation.  In 
this,  however,  he  did  not  succeed ;  for  the  brewer  persisted  in 
thinking  his  sins  so  awful  that  they  could  only  be  expiated  by  a 
pilgrimage  to  Rome  and  Jerusalem.     He  therefore  actually  took 

>  Ibidem,  p.  527. 
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the  way  there ;  l)tit  was  soon  taken  np  by  the  gensdarmes,  and 
broTiglit  gagged  to  Mareville,  where  he  was  admitted  on  December 
13,  1858.  He  appeared  in  a  state  of  tbe  deepest  depression,  did 
not  answer  any  questions,  and  obstinately  refused  food.  He  sus- 
pected all  with,  whom  he  came  in  contact,  and  cowered  in  a  corner, 
with,  his  head  bent  down,  showing  all  symptoms  of  melancholia  and 
stupor.  He  was  aware  of  being  touched,  but  did  not  show  signs  of 
pain  when  pricked,  or  when  a  seton  was  put.  The  handcuffs  whicb 
the  gensdarmes  had  put  on  him  had  so  deeply  cut  into  bis 
thumbs  as  to  cause  gangrene  ;  yet  he  felt  no  pain,  and  persistently 
tore  off  the  bandage  which  had  been  put  on  to  ease  the  wounds. 
There  was  decided  analgesia.  The  patient  was  etherised,  and 
afterwards  faradised  and  douched.  These  latter  two  stimulants, 
at  first  used  in  a  gentle  degree,  did  more  and  more  good  as 
time  went  on,  and  four  months  after  admission  he  was  discharged 
cured. 

These  observations  however  did  not  succeed  in  restoring  the 
confidence  which  had  been  so  rudely  shaken  in  the  virtues 
of  electricity  in  insanity.  The  continuous  current  became 
fashionable  in  the  meantime ;  but  such  was  the  indifference 
with  which  electricity  was  regarded  by  alienists,  that  galvani- 
sation was  hardly  practised  in  any  asylum ;  and  in  a  few 
exceptional  cases  where  it  was  used  it  failed  to  do  any  good. 

Cffisar  Lombroso  ^  has  studied  the  alterations  of  electric  excita- 
bility which  occur  in  insane  patients,  and  found  that  this  is 
considerably  diminished  in  persons  suffering  from  pellagra  and 
dementia.  In  apathetic  melancholia  it  was  likewise  diminished, 
while  in  the  erethic  form  of  that  disease  it  was  occasionally 
increased.  The  extensor  muscles  responded,  as  a  rule,  more 
feebly  to  the  faradic  current  than  in  healthy  people,  and  the 
heart's  action  was  increased  after  faradisation. 

Remak  has  incidentally  stated  that  he  has  seen  good  results 
from  the  use  of  the  constant  current  in  morbid  conditions  of 
the  brain  accompanied  by  disordered  mental  functions ;  and 
Benedict^  has  recorded  three  cases  in  which  mental  symptoms 

'  Klinische  Beitrage  zur  Psychiatrie.    Deutsch  von  M.  0.  Frankel.    Leipzig, 
1869. 
2  Loc.  cit.  p.  203. 
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were  improved  by  galvanisation.  One  of  these  was  tlie  case  of  a 
musician,  aged  42,  who  suffered  from' general  prostration,  vei-tigo, 
impaired  memory,  deficient  power  of  application,  and  distressing 
sensations  in  the  head.  The  continuous  current  was  applied 
along  the  spine;  after  six  applications  the  patient  could  walk 
without  support,  and  by  further  treatment  all  the  head  symptoms 
were  considerably  improved,  so  that  he  could  return  to  the  active 
exercise  of  his  profession.  The  second  case  was  that  of  a  cabman, 
aged  57,  who  suffered  from  extreme  weakness  of  memory,  and 
was  apt  to  burst  into  tears  on  the  slightest  occasion.  After  a 
few  weeks'  galvanisation  he  was  much  better  in  every  respect, 
and  laughed  when  his  previous  depression  of  spirits  was  alluded 
to.  He  was  enabled  to  return  to  his  business.  The  third  case 
was  that  of  a  half-idiotic  boy,  who  was  likewise  improved  by 
galvanisation  of  the  brain,  although  not  to  any  very  great 
extent,  Benedict  is  of  opinion  that  these  mental  disturbances 
are  caused  by  affections  of  the  vaso-motor  nerves,  and  may  be 
cured  by  his  favourite  proceeding  of  galvanisation  of  the  sympa- 
thetic, which  promotes  the  absorption  of  effusions,  and  thereby 
removes  pressure  on  the  nervous  matter.  He  considers  most 
diseases  of  the  mind  as  arising  from  swelling  of  the  meninges  and 
the  cortical  matter  of  the  brain,  which  ultimately  leads  to 
sclerosis.  Upon  this  condition  the  continuous  current  has  a 
powerful  influence,  more  especially  upon  that  form  which  is  called 
diffuse  sclerosis  of  the  nervous  centres.  Tumours  of  the  brain 
also  give  rise  to  mental  disturbance  in  consequence  of  vasciilar 
excitement,  in  the  same  way  as  giddiness,  headache,  and  other 
symptoms  are  produced  by  it.  More  recently  the  same  author  ^ 
has  resorted  to  faradisation  of  the  skin  of  different  parts  of  the 
body,  and  of  certain  sets  of  muscles,  in  cases  where  there  is 
absence  of  mental  excitement ;  but  where  excitement  is  present, 
he  recommends  the  application  of  the  contiauous  current  to  the 
head  and  the  sympathetic.  Benedict  states  that  he  has  cured  by 
this  means  a  case  of  extreme  depression,  combined  with  delusions, 
hallucinations,  and  'monomanie  des  grandeurs,'  in  eight  weeks. 
Another  case  was  that  of  a  girl,  aged  16,  who,  after  a  fever, 
became  exceedingly  restless,  melancholic,  and  nearly  paralysed  in 
the  right  side.  The  movements  of  the  face  and  the  tongue  were 
very  sluggish,  and   soon  seemed   to   exhaust  the   patient.     On 

1  Allg.  Wiener  medicin.  Zeitung,  xxxi.  1870. 
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faradising  tte  muscles  of  the  arms,  both  pupils  became  dilated. 
After  six  weeks  of  faradic  treatment  she  was  much  improved. 

Dr.  Arndt,'  of  Greifswald,  has  gone  more  deeply  into  this 
subject  than  any  previous  observer,  and  is  inclined  to  look 
upon  electricity  as  an  invaluable  remedy  in  certain  forms  of 
insanity.  He  believes  it  to  be  equally  important  as  quinine, 
iron,  and  baths,  and  far  more  important  than  narcotics  in  the 
treatment  of  mental  disease.  The  reason  why  up  to  the 
present  time  not  more  has  been  done  with  electricity  is, 
according  to  Arndt,  that  the  applications  have  been  unsyste- 
matic, and  that  alienists  have  not  been  sufficiently  critical 
in  their  selection  of  cases.  He  has  found  that  faradisation 
does  no  good  in  melancholia,  and  that  where  this  form  of 
insanity  is  combined  with  distressing  ideas  of  persecution,  &c., 
the  faradic  treatment  makes  the  patient  actually  worse.  In 
the  so-called  secondary  forms  of  insanity  faradism  likewise 
does  harm  ;  and  in  apathetic  idiots  it  seemed  to  induce  faint- 
ing fits.  Faradisation  does  a  great  deal  of  good,  however,  in 
simple  depression ;  such  patients  become  more  lively,  seem 
to  take  renewed  interest  in  what  is  going  on,  and  resume 
their  working  habits. 

The  following  is  one  of  Arndt's  cases  : — 

A  married  lady,  childless,  had  repeatedly  been  in  asylums. 
She  did  not  show  any  particularly  striking  symptoms  when  she 
came  under  treatment,  but  was  absolutely  indifferent  to  every- 
thing that  was  going  on.  No  smile,  no  tear,  no  expression  of 
anger,  appeared  to  show  that  anything  affected  her  in  any  way 
whatever ;  and  she  seemed  only  to  vegetate.  She  would  do 
nothing  for  herself ;  in  the  morning  she  had  to  be  taken  out  of 
bed,  dressed,  and  fed.  After  this  condition  had  lasted  for  several 
months,  without  being  in  the  least  altered  by  the  remedies  em- 
ployed, faradism  was  used,  principally  to  the  extremities,  and 
only  rarely  to  the  neck.  After  the  first  application,  during  which 
the  patient  shed  tears,  there  was  a  decided  improvement;  she 

»  Loc.  cit.  p.  259. 
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appeared  more  lively,  and  took  notice  of  things  which  were  going 
on  around  her.  On  being  encouraged  by  the  nurse,  she  began  to 
talk,  spoke  about  her  previous  mode  of  life,  and  recited  poems. 
Faradism  was  used  two  or  three  times  a  week  ;  and  in  two  or 
three  weeks  the  patient  was  so  much  improved  that  she  could  be 
looked  upon  as  convalescent.  This  favourable  condition  con- 
tinued ;  but  she  could  not  be  considered  cured,  as  there  was  a 
certain  amount  of  mental  weakness,  which  could  not  be  over- 
come ;  she  appeared  occasionally  siUy  and  foolish.  Some  other 
cases  of  Arndt's  were  even  more  successful ;  but  their  record  is 
so  long  that  space  forbids  me  to  adduce  them. 

Arndt  considers  that  faradism  acts  as  a  powerful  stiinu- 
lant  upon  the  diseased  nervous  centres,  and  that  it  should 
therefore  not  be  employed  where  the  symptoms  point  to 
increased  excitability,  i.e.  in  all  so-called  primary  cases,  where 
undue  cerebral  excitability  is  evidenced  by  ruling  afifections, 
whether  positive  or  negative  in  character.  It  also  does  not 
answer  in  secondary  cases  if  these  be  marked  by  a  high 
degree  of  irritable  weakness,  and  a  tendency  to  reflex  actions. 
On  the  contrary,  faradism  is  an  excellent  remedy  for  cases  of 
simple  atony  of  the  brain,  depression,  or  paralysis  of  function. 
It  is  quite  true  that,  even  if  the  physician  be  guided  by  these 
general  rules,  he  may  yet  sometimes  be  unsuccessful  in  his 
treatment ;  for  some  conditions  of  excitability  are  not  owing 
to  irritation,  but  to  paralysis;  and  some  forms  of  stupor  may 
be  caused  by  spasm,  and  not  by  depression.  Since  the  dis- 
covery of  the  inhibitory  system  of  nerves,  we  must  be  prepared 
to  find  that  mental  disease  may  proceed  from  that  source  ; 
and  irritation  of  the  inhibitory  nerves  may  cause  inhibition 
of  energy,  while  paralysis  of  these  nerves  may  produce 
increased  function.  Experience  shows  that  most  forms  of 
mental  paralysis  are  preceded  by  a  stage  of  irritation ;  and  in 
recent  cases  of  insanity  the  mere  depression  of  certain  func- 
tions must  therefore  not  be  looked  upon  as  a  symptom  of 
debility,  but  of  inhibition,  in  consequence  of  irritation  of 
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certain  inhibitory  nerves  or  their  centres.  This  principle  is 
especially  appKcable  for  cases  where  symptoms  of  irri- 
tation are  present  in  other  organs  ;  for  instance,  where  respi- 
ration is  sighing  or  jerky,  where  there  is  much  singultus  or 
gaping,  irregularity  of  the  heart's  action,  dilatation  of  the 
pupils  or  differences  in  their  size,  spasms  of  voluntary 
muscles,  &c.  Where,  however,  no  such  symptoms  are  present,  a 
depressed  condition  of  the  brain  may  be  diagTiosed  with  a  high 
degree  of  probability.  The  central  stimulation  produced  by 
faradisation  is  not  a  direct  one,  but  owing  to  transmission  of 
the  stimulus  from  the  sentient  nerves  of  the  skin  to  the 
brain.  In  faradisation  of  the  skin  we  therefore  appear  to 
possess  an  excellent  remedy  for  acting  indirectly  upon  the 
diseased  brain  and  spinal  cord. 

Amdt  also  resorts  to  faradisation  of  the  phrenic  nerves  at 
the  neck  in  these  cases.  The  brisk  respiratory  movements 
caused  by  this  proceeding  are  probably  useful  in  decarbonising 
the  blood,  improving  circulation,  and  removing  or  preventing 
that  passive  hypersemia  which  is  so  frequently  found  in  the 
blood-vessels  of  the  pia  mater.  Amdt  considers  faradism  very 
analogous  in  its  action  to  cold  baths,  the  douche,  and  other 
stimulating  applications  of  cold  water ;  in  all  cases  where 
these  answer,  faradism  will  do  good,  and  vice  versa.  Fara- 
dism has,  however,  the  advantage  over  the  latter,  by  being 
more  manageable  and  more  easily  controllable  in  its  action, 
while  it  is  devoid  of  unpleasant  consequences,  as  patients  do 
not  catch  cold  after  it.  It  is  never  actually  strengthening,  nor 
does  it  act  as  a  specific;  and  it  is  therefore  necessary  to 
employ  other  means  at  the  same  time  for  improving  the 
nutrition,  &c.  Where  decidedly  alterative  effects  are  required, 
it  is  best  to  resort  at  once  to  the  constant  current. 

In  using  galvanisation,  Arndt  thinks  it  important  not  to 
employ  the  small  portable  batteries,  which  have  a  more 
stimulating  effect  than  the  large  ones,  and  to  avoid  carefully 
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any  variations  of  the  current,  or  voltaic  shocks,  "which  occur 
if  the  battery  is  not  kept  in  good  condition.  Otherwise  we 
must  be  guided  by  Pfliiger's  principles,  viz.  to  produce 
anelectrotonus  where  a  sedative  effect  is  desired,  where  irrita- 
bility has  to  be  diminished ;  while  catelectrotonus  should  be 
caused  where  there  is  depression  of  energy,  and  paralysis  of 
function.  Whether  the  current  is  direct  or  inverse  is  not  of 
so  much  importance  as  the  two  forms  of  electrotonus.  "With 
a  direct  or  descending  current  anelectrotonus  is  produced  in 
the  centre,  and  catelectrotonus  in  the  periphery  ;  while  with 
the  inverse  or  ascending  current,  catelectrotonus  appears  in 
the  centre,  and  anelectrotonus  in  the  periphery.  This  is  the 
reason  why  the  inverse  current  acts  more  powerfally  as  a 
refresher  and  reviver  of  the  nervous  system  than  the  direct. 
The  galvanic  power  which  is  to  be  used  must  be  judged  ac- 
cording to  Pfliiger's  law  of  contraction.  A  feeble  current  is 
one  where  only  a  contraction  takes  place  on  closing,  whether 
the  current  be  direct  or  inverse ;  a  current  of  medium  intensity 
is  one  which  causes  a  contraction  on  closing  as  well  as  on 
opening ;  and  a  powerful  current  is  one  where  there  is  a 
closing  contraction  mth  the  direct  and  an  opening  contrac- 
tion with  the  inverse  current.  For  g-alvanising  the  cord  in 
these  cases,  Arndt  recommends  to  put  only  that  electrode  to 
the  spine  the  special  action  of  which  it  is  intended  to  pro- 
duce, and  the  other  one  either  to  the  sternum,  or  to  the 
abdomen,  or  to  the  limbs. 

Although  every  form  of  insanity  is  a  symptom  of  diseased 
cerebral  action,  yet  it  would  be  a  mistake  to  believe  that 
coarse  structiual  alterations  of  the  brain-matter  are  always 
present  in  these  cases.  Arndt  thinks,  on  the  contrary,  that 
they  are  absent  in  by  far  the  largest  majority  of  cases ;  and 
where  they  are  discovered,  they  are  more  the  consequences 
than  the  causes  of  disordered  function.  In  most  cases  of 
insanity  there  is  nothing  but  a  disturbance  of  the  finer  mole- 
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cular  changes  of  nervous  matter,  which  is  manifested  by 
increased  mobility  of  molecules,  and  which  is  known  as  aug- 
mented impressionability,  vulnerability,  irritable  debility, 
nervousness,  neuropathic  temper,  or  diathesis. 

Experience  has  shown  that  in  the  various  forms  of  insanity 
it  is  not  the  mind  alone  which  is  diseased,  but  that  other 
nervous  affections  often  precede  for  years  the  outbreak  of  the 
mental  disorder,  and  which  have  generally  to  be  traced  to  a 
pathological  condition  of  the  spinal  cord  or  the  medulla 
oblongata. 

Proceeding  from  this  fact,  Arndt  recommends  to  apply  the 
constant  current  not  so  much  to  the  head  as  to  the  peripheral 
nerves  and  the  spinal  cord,  which  are  generally  in  an  irritable 
condition,  and  require  to  be  placed  into  the  condition  of 
anelectrotonus.  The  peripheral  nerves  will  have  to  be  acted 
upon  first,  where  the  mental  disease  has  commenced  with,  or 
followed,  an  attack  of  neuralgia,  and  in  such  cases  the  pain- 
ful nerve  should  be  galvanised;  and,  secondly,  where  the 
mental  symptoms  become  worse,  as  soon  as  peripheral  affec- 
tions, such  as  laryngeal  spasm,  dyspncBa,  palpitations  of  the 
heart,  &c.,  make  their  appearance.  In  the  latter  case  the 
pneumogastric  nerves  should  be  galvanised.  Where,  on  the 
contrary,  the  symptoms  are  not  shown  to  be  dependent  upon 
any  peripheral  irritation,  or  kept  up  by  disturbance  of  peri- 
pheral functions,  but  where  they  point  to  an  affection  of 
the  nervous  centre,  the  current  should  be  chiefly  directed 
to  the  cord.  Cerebral  galvanisation  appears  only  suitable 
where  a  temporary  soothing  or  stimulating  effect  is  desired. 
Where  structural  disease  has  already  commenced,  the  galvanic 
current  appears  to  do  no  good,  and  should  not  be  used.  In 
cases  where  disease  of  the  ovaries,  womb,  or  bladder  has  led 
to  disease  of  the  cord,  or  where  there  is  a  general  disturbance 
of  nutrition  throughout  the  system,  as  in  anaemia,  chlorosis, 
syphilis,   rheumatism,   the   battery   current  is  generally   of 
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great  service  in  preventing  any  irremediable  changes  of  struc- 
ture and  removing  the  causes  of  mental  distm-bance.  Recent 
cases  and  functional  diseases,  therefore,  are  benefited  by, 
while  old  cases  and  structural  diseases  resist,  the  influ- 
ence of  galvanisation. 

Arndt  has  given  a  lengthy  description  of  five  cases  he  has 
treated  by  the  aid  of  the  constant  current,  but  which  space 
prevents  us  from  transferring  to  our  pages.  In  three  of 
them  there  was  evidently  an  irritable  condition  of  the  central 
nervous  system,  with  debility  and  incipient  paralysis.  The 
symptoms  of  irritation  were  hypereesthesia,  increased  reflex 
excitability,  and  conceit.  The  paralytic  symptoms  affected 
chiefly  the  muscles  of  the  extremities,  face,  and  articulation. 
Unilateral  dilatation  of  the  pupil  and  sluggishness  of  the  iris 
to  the  stimulus  of  light  was  considered  a  symptom  of  spinal 
irritation,  and  disappeared  with  the  other  signs  of  irritation 
of  the  cord.  There  were  likewise  numerous  symptoms  point- 
ing to  an  affection  of  the  vasomotor  system  of  nerves,  which 
had  preceded  the  outbreak  of  mental  disturbance  for  a  con- 
siderable time — such  as  sluggish  digestion  ;  constipation  from 
want  of  expulsive  power  of  the  bowel ;  varicosities  near  the 
anus  ;  increased  perspiration  and  secretion  of  urine  ;  heat  in 
the  head,  fulness,  pain,  giddiness,  tinnitus  aurium ;  or  anae- 
mia, pallor  of  the  skin ;  the  eyes  were  either  bright,  the 
pupils  constricted,  and  the  pulse  soft  and  slow,  or  there 
were  dull  eyes,  dilated  pupils,  a  small  and  rapid  pulse.  In 
another  case  the  disease  was  of  a  more  spasmodic  character  ; 
the  vessels  were  constricted,  respiration  and  the  heart's 
action  irregular.  All  these  cases  were  nearly  cured  by  the 
induction  of  anelectrotonus.  That  this  should  have  been 
useful  for  incipient  paralysis  is  an  apparent  contradiction  ; 
but  it  should  be  considered  that  the  essence  of  the  disease 
was  undue  irritability,  leading  in  its  turn  to  exhaustion  and 
paresis.     As  soon,  therefore,  as  the  causative  condition  {i.e. 
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excessive  irritability)  was  removed  by  anelectrotonus,  the 
symptorQs  disappeared.  In  one  case  where  paresis  owing 
to  irritation  was  a  prominent  symptom,  catelectrotonus 
was  tried,  but  gave  bad  results ;  and  when  anelectrotonus 
was  substituted  for  it,  the  patient  improved.  Arndt  considers 
the  constant  current  is  likely  to  become  in  course  of  time 
the  most  important  remedy  at  the  disposal  of  the  alienist 
physician. 

Dr.  Williams,^  of  Hayward's  Heath,  has  recorded  the  good 
effects  of  galvanisation  in  two  cases  of  melancholia  attonita, 
with  refusal  of  food,  which  he  treated  in  the  Sussex  Lunatic 
Asylum.  Although  he  has  said  nothing  about  the  mode  oi 
application,  the  cases  are  nevertheless  sufficiently  interesting 
to  be  placed  on  record  here. 

J.  L.  B.,  male,  aged  51,  single.  Had  an  attack  of  brain  fever 
when  about  eighteen  years  of  age.  Enlisted  August  3,  1855, 
into  the  7th  Royal  Fusileers,  at  the  age  of  twenty-nine.  Has 
served  in  Malta  and  East  India.  Had  an  attack  of  sunstroke  iu 
India  about  two  years  ago,  when  he  was  in  the  hospital  there, 
and  discharged  as  unfit  for  service.  Conduct  during  service 
very  good ;  is  considered  to  have  been  steady  and  temperate. 
Admitted  October  19,  1872,  in  a  very  weak,  low,  and  emaciated 
state;  pulse  160 ;  tongue  coated,  appetite  bad;  bowels  confined. 
There  is  great  irritabihty  of  the  pectoral  muscles,  and  the  respi- 
ratory murmur  is  weak  and  indistinct,  especially  posteriorly, 
where  there  is  probably  some  consoHdation  of  the  lower  lobes. 
Heart's  action  weak.  He  is  not  whoUy  conscious,  and  does  not 
attend  to  questions  without  great  rousing.  Such  was  his  state  on 
admission,  and  up  to  October  28  he  gradually  became  worse. 
The  stupor  was  much  increased,  the  refusal  of  food  became  more 
obstinate,  and  the  physical  symptoms  knew  no  abatement.  On 
that  day  Dr.  Williams  requested  his  colleague,  Dr.  Kewth,  to 
pass  a  continuous  current  through  his  head  from  a  forty-cell 
Stohrer's  battery.  The  immediate  efiect  was  to  increase  the 
heart's  action  and  to  cause  considerable  flushing  of  the  head  and 
face.     The   treatment  was  continued  daily.     He  almost  imme- 

'  The  Lancet,  January  25,  1873. 
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diately  improved,  became  more  and  more  conscious,  took  nourisli- 
ment  well,  and'  on  November  2  was  so  mncli  better  that  lie  was 
able  to  sit  up  for  several  hours.  From  thence  he  improved 
rapidly,  and  within  a  few  days  all  the  acute  symptoms,  both 
mental  and  physical,  had  subsided. 

J.  W.,  male,  aged  45,  was  found  wandering  about  Brighton. 
History  unknown.  Admitted  December  5, 1872.  He  was  a  fairly 
well-formed  man  ;  tongue  coated ;  bowels  confined  ;  respiratory 
murmur  decidedly  weak  in  both  lungs,  and  there  is  a  suspicion 
of  congestion  in  the  right ;  heart's  sounds  weak  and  nearly  in- 
audible at  base  ;  pulse  112.  He  can  rarely  be  got  to  attend  to 
any  question,  and  when  he  does  answer  his  language  is  rambling 
and  incoherent ;  memory  very  bad ;  spirits  depressed,  and  there 
is  considerable  excitement  and  restlessness  of  manner  ;  will  not 
keep  quiet  for  an  instant ;  expression  wild ;  nights  sleepless.  Up 
to  December  13  he  gradually  became  worse;  refused  his  food,  and 
the  mental  depression  became  so  intense  as  almost  to  amount  to 
stupor.  Electricity  was  tried  by  Dr.  N'ewth  for  about  seven 
minutes.  He  was  much  excited  when  under  it ;  restless  during 
the  night  afterwards,  but  took  a  fair  amount  of  food  for  the  first 
time  for  several  days  ;  pulse  140,  weak ;  catheter  passed. 

December  13. — Had  the  electric  current  for  about  ten  minutes. 
Pulse  136,  fuller ;  quieter. 

14. — Electric  treatment  repeated  ;  pulse  130,  much  stronger, 

16. — Continues  to  improve. 

17. — Violently  resisted  the  application  of  the  electric  current. 
Pulse  112,  full  and  regular ;  he  is  quieter  and  more  rational ; 
takes  his  food  well. 

The  treatment  was  continued  for  several  days  longer — viz.  to 
the  21st,  when  he  was  so  much  better,  indeed  convalescent,  that 
it  was  omitted. 


n.— CEREBRAL  EXHAUSTION. 

The  chief  symptoms  of  cerebral  exhaustion,  on  which  Dr. 
Eadclifife'  has  lately  delivered  an  able  lecture,  I  have  found 
to  be  the  following : — Nervousness,  irritability  of  temper, 
want  of  mental  energy,  impaired  memory,   a   sensation   of 

»  British  Medical  Journal,  April  12,  1873. 
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weight  and  pressure  at  the  top  or  back  of  the  head,  drowsi- 
ness, giddiness,  hesitating  or  embarrassed  speech,  flushings 
of  the  face,  sensations  of  tingling  and  numbness  in  the  extre- 
mities, rapid  exhaustion  of  muscular  power  from  exertion, 
palpitations  of  the  heart  and  dyspnoea,  various  forms  of  dys- 
pepsia, irritability  of  the  bladder,  loss  of  the  desire  and 
capability  of  sexual  intercourse,  a  jaded  appearance,  and 
frequently  an  immoderate  craving  for  alcoholic  stimulants- 
All  these  symptoms  are,  of  course,  not  present  in  every 
case  of  cerebral  exhaustion ;  and  many  of  them  may  be 
present  in  disease  of  the  cerebral  blood-vessels  and  brain- 
matter  ;  nevertheless  the  group  of  symptoms  just  mentioned 
is  very  marked  in  a  considerable  number  of  cases  which  come 
habitually  under  our  notice ;  and  that  they  are  owing  more 
to  functional  derangement,  and  a  bad  performance  of  the 
finer  processes  of  nutrition  which  escape  our  present  means 
of  anatomical  investigation,  than  to  structural  disease,  is 
shown  by  the  circumstance  that  most  of  these  cases  recover. 
The  condition  of  anaemia  seems  to  be  more  prevalent  than 
that  of  hypersemia  in  these  cases ;  and  the  almost  invariable 
cause  is,  not  hard  work,  but  worry,  anxiety,  and  affliction. 

The  medicinal  treatment  of  cerebral  exhaustion  often 
yields  but  unsatisfactory  results.  The  patients'  sufferings 
are  at  first  generally  looked  upon  as  arising  from  '  congestion 
of  the  liver,'  and  the  aid  of  blue  pill  is  called  in.  After  a 
time,  however,  it  is  seen  that  a  more  tonic  plan  of  treatment 
is  required,  and  the  sulphate  or  the  tincture  of  iron  is  given, 
frequently  in  large  doses,  which  are  apt  to  upset  the  stomach 
and  the  liver.  Bromide  of  potassium  is  then  substituted ; 
but  the  patient,  as  a  rule,  derives  only  little  benefit  fromi 
any  of  these  medicines.  Change  of  air  and  scene,  rest  for 
the  mind,  with  phosphorus  and  nitrate  of  silver  for  internal 
use,  are  more  successful ;  yet  many  cases  occur  in  which  even 
such  a  plan  of  treatment  does  not  answer,  and  the  constant 
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current  should  then  be  employed.  I  look  upon  galvanisation 
in  these  cases  as  by  far  the  best  remedy  at  our  disposal ;  but 
its  use  should  always  be  combined  with  such  general  and 
dietetic  directions  as  may  appear  advisable. 

As  a  rule,  I  have  found  it  best  to  produce  catelectrotonus 
rather  than  anelectrotonus  of  the  suffering  nervous  centres. 
Even  where  symptoms  of  irritability  and  restlessness  are 
prominent,  these  are  generally  owing  more  to  impaired 
nutrition  of  brain-matter  than  to  vascular  excitement.  The 
result  of  the  treatment  itself,  however,  must  in  the  end  be 
decisive,  and  overrule  any  theoretical  views  we  may  have 
formed  of  the  nature  of  the  case.  Where  catelectrotonus 
does  not  answer,  or  makes  the  patient  worse,  anelectrotonus 
should  be  tried  ;  and  if  the  patient  does  not  improve  rapidly 
under  either  plan  of  treatment,  the  use  of  the  current  had 
better  be  given  up. 

Wherever  sleeplessness  is  a  'prominent  symptom,  the  pro- 
duction of  anelectrotonus  should  he  the  rule.  Catelectro- 
tonus, on  the  other  hand,  is  an  excellent  remedy  luhere  there 
is  droivsiness  in  the  daytime. 

Case  7. — A  merchant,  aged  4-8,  widower,  consulted  me  in  March 
1867  for  nervousness  and  irritability  of  temper.  He  had  for 
years  past  experienced  considerable  anxiety  in  business,  to  which 
he  attributed  his  illness.  He  complained  of  a  sensation  of  weight 
and  pressure  at  the  top  of  the  head  and  in  the  temples,  and  of 
dizziness,  chiefly  on  stooping  and  looking  upwards.  His  memory 
and  power  of  application  were  veiy  much  impaired.  The  speech 
was  somewhat  affected,  so  that  he  would  stop  in  the  middle  of 
a  sentence,  hesitate  for  a  few  seconds,  and  then  abruptly  finish  it. 
Whenever  anything  unexpected  or  disagreeable  occurred,  he 
became  flushed  in  the  face,  had  sensations  of  tingling  resem- 
bhng  slight  electric  shocks  running  down  his  hands,  and  would 
for  the  time  completely  lose  the  faculty  of  speech.  The  i-ight 
pupil  was  larger  than  the  left,  and  the  sight  was  often  dim.  The 
temperature  of  the  right  cheek  was  88°  and  that  of  the  left  87°  F. 
The  right  ear  was  also  hotter  than  the  left.  The  pulse  was  some- 
times intermittent  and  irregular,  and  the  patient  complained  of 
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palpitations  of  the  heart  and  shortness  of  breath  in  walking,  more 
especially  on  going  npstairs,  bnt  there  was  no  disease  of  the  heart 
or  lungs  in  this  case.  The  tongue  was  dry  and  thickly  coated, 
the  appetite  indifferent,  and  a  sense  of  fulness  and  heaviness  was 
experienced  after  meals.  The  action  of  the  bowels  was  irregular. 
The  urine  contained  an  enormous  excess  of  phosphates,  but  not 
of  urea,  and  the  expulsive  power  of  the  bladder  was  diminished. 
The  patient  had  become  very  stout  during  the  last  few  years,  and 
Ms  muscles  were  flabby.  He  rarely  took  active  exercise,  as  it 
seemed  to  make  him  worse.  He  had  already  taken  iron  and 
quinine,  strychnia,  belladonna,  and  bromide  of  potassium,  but 
without  any  improvement.  For  the  last  eighteen  months  he  had 
felt  too  feeble  to  attend  to  his  business. 

In  this  case  catelectrotonus  of  the  spine,  the  cerebral  hemi- 
spheres, and  the  sympathetic,  was  resorted  to  with  satisfactory 
results.  Almost  all  the  morbid  symptoms  gradually  yielded  to 
it,  and  ten  weeks  after  the  commencement  of  the  treatment  the 
patient  was  enabled  to  return  to  his  business.  He  found  that  he 
could  work  well  for  about  a  couple  of  hours,  but  that  when  he 
went  beyond  that,  the  symptoms  of  pressure  on  the  head  and 
tingling  in  the  arms  were  apt  to  return. 

The  patient  had  another,  but  much  shorter,  course  of  galvanisa- 
tion in  November  1867,  and  again  in  June  1868,  when  several  of 
the  old  symptoms  had  reappeared.  On  both  these  occasions 
they  yielded  rapidly  to  the  influence  of  catelectrotonus ;  and  when 
I  saw  him  last  (May  1869)  he  was,  although  not  strong,  yet  in 
good  health,  and  had  been  enabled,  by  restricting  his  hours  of 
work,  to  attend  to  his  business  Avithout  any  interruption. 

Dipsomania  and  Excessive  Spirit  Drinking. — I  am  in- 
elined  to  believe  that  a  systematic  use  of  the  constant  current 
would  prove  of  service  in  dipsomania.  Up  to  the  present 
time  I  have  only  treated  one  case  of  this  affection,  with  ap- 
parently g'ood  effects  ;  but  I  have  seen  many  instances  where 
mental  depression  and  nervousness  were  so  great  that  the 
patients  had  long  been  in  the  habit  of  taking  excessive  quan- 
tities of  stimulants,  in  order  to  deaden  the  acuteness  of  their 
wretched  sensations ;  and  where  the  morbid  desire  for  al- 
cohol was  rapidly  checked  as  soon  as  they  were  fairly  brought 
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under  the  influence  of  catelectrotonus  of  the  spine,  the 
cerebrum,  and  the  cervical  sympathetic.  One  of  these  cases 
is  the  following : — 

Case  8. — In  June  1868  a  lawyer,  aged  37,  married,  cams 
nnder  ray  care,  who  had,  in  consequence  of  overwork  and  anxiety, 
got  into  a  state  of  complete  nervous  derangement.  He  was  utterly 
incapable  of  any  mental  or  bodily  exertion  before  he  had  taken 
three  or  four  ounces  of  brandy  (in  the  morning),  and  was  in  the 
habit  of  consuming  rather  more  than  a  pint  of  spirit  every  day. 
He  hated  the  very  sight  and  smell  of  brandy  ;  but  if  he  did  not 
take  it,  such  horrible  thoughts  came  into  his  head  as  to  render 
life  perfectly  intolerable.  His  judgment  and  kitellect  were  not 
impaired,  but  he  had  not  the  slightest  control  over  the  dreadful 
ideas  which  constantly  flitted  across  his  brain  if  not  under  the 
influence  of  alcohol,  and  which  were  chiefly  of  a  homicidal  and 
suicidal  character.  Tonics  of  every  kind  made  him  worse,  and 
several  alteratives  of  considerable  ef&cacy  (such  as  bromide  of 
potassium  and  bichloride  of  mercury)  had  apparently  increased 
his  debility  to  such  an  extent  as  to  render  a  prolonged  course  of 
them  impracticable.  Under  these  circumstances  the  application 
of  the  constant  current  to  the  nervous  centres  seemed  expedient. 
Within  a  week  from  the  commencement  of  the  treatment  the 
patient  was  able  to  discontinue  the  brandy  in  the  morning.  After 
three  months  he  had  come  down  to  half  a  pint  of  sherry  for  dinner, 
and  took  no  sph-its  whatever.  His  mental  and  bodily  health  im- 
proved pari  passtij,  and  when  I  saw  him  again  in  March  1869  he 
appeared  perfectly  well,  and  had  lost  every  symptom  of  his  pre- 
vious illness.  In  this  case  the  current  was  apphed  forty- five  times. 
No  medicine  was  given. 

Opium-eating. — In  this  country  opium-eating-  is  not  un- 
frequently  contracted  during  severe  attacks  of  neuralgia,  or 
after  family  afflictions.  The  habit  is  rarely  broken  through, 
if  it  has  once  gained  the  mastery  over  the  patient,  as  the 
feelings  of  depression  and  despair  which  invade  the  mind 
after  the  comforting  effects  of  the  drug  have  passed  off  are 
so  acute  as  to  be  almost  unbearable,  and  only  yield  to  a  fresh 
supply  of  it.  Under  such  circumstances  galvanisation  appears 
appropriate. 

K  K  2 
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Case  9. — A  lady,  aged  48,  widow,  had  commenced  to  take 
laudanum  after  the  loss  of  her  husband,  six  years  ago.     Wlaen 
she  came  under  ray  care   in  October  1867,  she  complained   of 
indigestion  and  weakness  in  the  back,  which  latter  prevented  her 
from  standing  or  walking.     She  had  a  great  aversion  to  taking 
medicine,  and  consulted  me  chiefly  with  regard  to  the  application 
of  galvanism  in  her  case.     She  never  mentioned  that  she  was  in 
the  habit  of  taking  opium,  but  laid  stress  on  the  symptoms  of 
constipation  and  want  of  sleep.    The  latter  symptom  only  induced 
me  to  treat  her  with  anelectrotonus  of  the  brain  and  sympathetic, 
while  for  the  weakness  in  the  back  I  should  have  been  satisfied 
with  an  application  to  the  spine.     No  medicine  was  given,  except 
Friedrich shall- water  for  constipation,  with  good  results.     Under 
the  influence   of  anelectrotonus  sleep   improved  and   the  back 
became  much  stronger,  so  that  the  patient  was  soon  enabled  to 
take  a  good  deal  of  active  exercise.     Although  after  a  time  she 
appeared  in  fair  health,  she  still  appeared  anxious  to  continue  the 
galvanic  treatment ;  and  one  day  confessed  to  me  that  she  had 
been  in  the  habit  of  taking  large  quantities  of  laudanum  for  years 
past,  to  which  she  attributed  her  illness  ;  but  ever  since  the  gal- 
vanic current  was  first  applied,  she  had  felt  less  desire  for  opium, 
and  that  she  had  gradually  discontinued  the  use  of  it.     She  was 
afraid  that  if  the  galvanic  treatment  were  given  up,  the  desire 
for  opium  would  return,  and  as  she  found  herself  much  better 
without  it,  was  anxious  not  to  be  obHged  to  do  so  again.     A  short 
time  afterwards  the  treatment  was,  however,  discontinued,  the 
patient  being  desired  to  return  if  any  symptoms  of  opium-hunger 
should  present  themselves,  but  up  to  the  present  time  she  appears 
to  have  had  no  return  of  that  morbid  desire. 

Excessive  Smoking. — Tobacco-smoking  is  often  resorted 
to  for  the  same  reason  as  spirit-drinking  and  opium-eating, 
viz.  to  allay  nervous  irritability  and  depression ;  and  is  by 
many  people  carried  to  such  an  extent  as  to  seriously  injure, 
not  only  the  function  of  digestion,  but  also  the  nutrition  of 
the  nervous  system.  Such  patients  say  that  they  Tnust 
smoke,  as  others  must  drink.  In  several  cases  of  this  kind 
which  have  been  under  my  care,  the  use  of  the  constant 
current,  coupled  with  strong  remonstrances  on  my  part,  has 
enabled  the  patients  to  break  themselves  of  the  habit. 
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In  Hypochondriasis,  galvanisation  of  the  brain,  spine, 
and  cervical  sympathetic  is  often  attended  with  satisfactory 
results.  To  produce  catelectrotonus  is,  as  a  rule,  the  best 
plan  of  treatment,  which  answers  particularly  well  in  cases 
where  the  hypochondriasis  is  connected  with  imaginary  or 
real  disease  of  the  sexual  organs  (sexual  hypochondriasis, 
spermatorrhoea,  impotency),  and  galvanisation  of  those  parts 
must  then  be  combined  with  the  application  of  the  current 
to  the  nervous  centres. 


III.— P  ANALYSIS. 

In  the  various  forms  of  paralysis,  both  faradisation  and 
galvanisation  find  a  legitimate  and  usefid  sphere  of  action. 
The  mode  of  application,  and  the  amount  of  benefit  to  be 
expected  from  it,  depend  entirely  upon  the  pathology  of  the 
different  cases,  and"  this  we  therefore  now  proceed  to  con- 
sider. 

1.  Cerebral  paralysis.— T\ie  moQi  ixec^went  form  of  cere- 
bral paralysis  is  hemiplegia,  which  is  generally  owing  to 
cerebral  hsemorrhage,  softening,  or  embolism  of  an  important 
cerebral  artery.  Such  pathological  processes  impede  the  con- 
duction of  the  orders  of  volition,  which  in  the  normal  con- 
dition are  carried  through  the  fibres  of  the  corpora  pyrami- 
dalia  to  the  motor  nerves  of  the  opposite  side  of  the  body,  to 
the  muscles,  so  that  these  become  incapable  of  executing 
voluntary  movements. 

If  the  patient  survive  the  paralytic  stroke,  a  process  of 
reparation  commences  in  the  cerebral  substance,  which  is 
more  or  less  thorough  according  to  the  degree  of  the  paralys- 
ing lesion.  Where  the  corpus  striatum  is  entirely  destroyed 
by  effusion  of  blood  or  softening,  paralysis  of  the  opposite 
side  of  the  body  will  not  only  be  complete,  but  also  perma- 
nent.    In  cases  of  paralysis  or  paresis,  however,  where  only 
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'an  effusion  of  a  small  quantity  of  blood  into  that  central 
ganglion  has  taken  place,  this  may  in  course  of  time  be  ab- 
sorbed, and  the  patient's  health  may  be  gradually  restored. 
At  first  the  fluid  parts  of  the  effused  blood  are  absorbed,  and 
a  cyst  is  formed  round  the  clot,  which  in  course  of  time 
likewise  disappears.  The  cyst  then  shrinks  up,  and  at  last 
only  a  cicatrix  is  found.  In  some  cases  this  process  of  re- 
paration is  accompanied  by  a  gradual  amelioration  of  the 
paralytic  symptoms,  and  spontaneous  recovery  may  take 
place.  In  other  instances  the  gradual  shrinking  of  the  cyst 
acts  as  an  irritant  on  the  brain ;  the  paralysed  muscles  then 
assume  a  rigid  condition,  and  the  motor  nerves  undergo 
various  pathological  alterations.  Finally,  the  cicatrix  may 
have  been  formed,  and  there  may  be  no  rigidity  of  the 
muscles,  but  the  paralysis  still  continues  in  a  more  or  less 
degree,  ovv'ing  to  the  function  of  the  injured  hemisphere  re- 
maining in  abeyance,  from  hyperemia,  serous  effusion,  or  the 
effects  of  shock. 

Embolism  of  cerebral  arteries  occurs  in  patients  affected 
with  disease  of  the  aortic  or  mitral  valves  owing  to  former 
endocarditis.  Particles  of  fibrin  are  suddenly  separated 
from  the  warty  growths  on  these  valves,  are  carried  along 
with  the  stream  of  blood,  and  plug  up  a  cerebral  artery. 
The  prog-nosis  is  generally  unfavourable,  not  only  because 
softening  takes  place  in  the  neighbourhood  of  the  embolus, 
but  also  because  there  is  great  probability  of  fm-ther  attacks 
occurring  in  course  of  time,  even  if  the  first  symptoms  should 
have  been  removed  by  the  establishment  of  collateral  cii'cu- 
lation.  These  cases,  liowever,  are  much  rarer  than  those  owing 
to  cerebral  haemorrhage,  which  latter  furnish  by  far  the 
largest  proportion  of  all  cases  of  hemiplegia. 

When  an  extensive  laceration  of  cerebral  substance  has 
taken  place,  either  by  haemorrhage  or  softening,  or  when  the 
shrinking  of  the   cyst  has  caused  rigidity  of  t]:ie  paralysed 
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muscles,  the  prognosis  is  unfavourable.  But  y/liere  the  clot 
or  softening  is  of  limited  extent,  and  consequently  the  cicatrix 
is  not  very  large,  the  prospects  are  much  better,  even  if  no 
spontaneous  recovery  takes  place.  It  is  probable  that  the 
.process  of  reparation  in  the  brain  may  be  promoted  or  accele- 
rated by  the  use  of  the  constant  current ;  and  that  by  this 
means  the  parts  in  the  neighbourhood  of  the  paralysing  lesion, 
which  have  become  unable  to  fulfil  their  function  through 
liypera3mia,  serous  effusion,  or  shock,  may  thus  be  enabled  to 
regain  their  function. 

The  following  case  occurred  in  Benedict's  ^  practice  : — 

A  merchant,  aged  69,  had  had  an  attack  of  right  hemiplegia 
in  August  1862,  with  loss  of  consciousness  and  language.  In 
May  1863  the  leg  had  recovered,  but  all  the  muscles  of  the  fore- 
arm and  hand,  with  the  only  exception  of  the  muscles  of  the  ball 
of  the  thumb,  were  paralysed,  and  the  flexors  and  pronators  were 
contracted.  Electro-muscular  contractility  was  considerably  di- 
minished. The  continuous  current  was  applied  to  the  left  cerebral 
hemisphere,  and  immediaiely  afterivards  the  patient  could  flex 
the  wrist  and  the  phalanges.  After  five  more  applications  he 
could  extend  the  metacarpo-phalangeal  joints  fairly  well,  and  the 
phalangeal  joints  pretty  well. 

I  have  never  seen  such  immediate  results  in  hemiplegia, 
merely  from  galvanisation  of  the  injured  cerebral  hemisphere ; 
but  experience  has  shown  me  that  patients  of  this  kind 
progress  more  rapidly  towards  recovery  when  cerebral  is 
combined  with  peripheral  galvanisation;  and  I  therefore 
generally  employ  both  methods  together. 

Only  the  continuous  current  should  in  such  cases  be  ap- 
plied to  the  injured  cerebral  hemisphere.  Faradisation  by  a 
feeble  current  has  no  effect  on  the  nervous  centres,  and  it 
might  do  harm  if  a  high  degree  of  power  were  used.  Several 
cases  have  occurred  in  M.  Duchenne's  ^  practice,  where,  by 
the  injudicious  application  of  faradic  electricity  to  patients 

>  Loc.  cit.,  p.  227.  '  Loc.  cit.,  p.  274* 
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wlio  had  suffered  from  cerebral  lisemorrhage,  another  attack 
of  paralysis  was  caused. 

How  soon  after  the  attack  should  the  treatment  be  com- 
menced ? 

Eemak  has  recommended  to  galvanise  early  the  sympa-- 
thetic  and  the  cerebral  vessels  of  the  side  opposite  to  the 
paralysis,  in  order  to  promote  the  absorption  of  the  clot ;  and 
Onimus  and  LegTOS  ^  have  recently  endorsed  this  opinion.  They 
say  that  galvanisation  of  the  brain  and  sympathetic  may  be 
commenced  seven  or  eight  days  after  the  attack.  The  anode 
should  be  placed  on  the  forehead  of  the  side  of  the  lesion,  and 
the  cathode  to  the  nape  of  the  neck.  A  current  of  six  or 
eight  cells  is  thus  caused  to  pass  through  the  injured  hemi- 
sphere for  two  or  three  minutes.  Afterwards  the  superior 
cervical  ganglion  is  galvanised  with  a  somewhat  more  power- 
ful current,  viz.  from  ten  to  fifteen  cells,  for  about  five 
minutes.  It  is  indispensable  to  commence  the  operation 
with  a  very  feeble  current — only  one  or  two  cells — and  ta 
increase  the  power  slowly  and  gradually ;  and  the  same  pre- 
caution should  be  observed  when  the  current  ceases  to  pass. 
Voltaic  shocks  must  be  carefully  avoided. 

According  to  the  authors  just  named,  such  an  operation 
promotes  the  absorption  of  the  clot,  by  moderately  influencing 
circulation  ;  and  such  an  influence  may  likewise  be  useful  in 
cases  where  the  hemiplegia  is  owing  to  plugging  of  the 
cerebral  blood-vessels,  and  consequent  failure  of  cerebral  cir- 
culation. The  process  of  absorption  is  generally  finished 
about  thirty  or  forty  days  after  the  attack,  and  the  cyst  has^^ 
then  been  formed.  The  current  is  generally  used  only  then, 
or  even  two  or  three  months  after  the  attack.  At  that 
period  it  would  be  very  difficult  to  act  on  the  lesion  itself;: 
the  utmost  one  could  expect  would  be,  to  prevent  secondary 

•»  Tiaite  d'Electricite  medicale.    Paris,  1872,  p.  503. 
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atrophy  of  the  nervous  elements  which  are  in  anatomical  and 
physiological  connection  with  the  seat  of  the  cerebral  lesion. 
But  even  that  appears  doubtful,  and  the  results  of  the  treat- 
ment depend  upon  the  degree  of  severity  of  the  disease. 

I  think  it  absolutely  necessary  to  jpostipone  a  galvanic 
treatment  until  the  danger  of  cerebral  fever,  which  so  often 
follows  an  attack  of  hcemorrhage,  should  have  passed  off ; 
and  as  this,  if  it  occur  at  all,  comes  on  in  the  second  or  third 
week,  the  application  of  the  continuous  current  may  be  con- 
sidered safe  when  from  fourteen  to  eighteen  days  have 
elapsed  since  the  occmTence  of  the  attack.  If  we  were  to 
wait  much  longer,  the  prospects  of  ultimate  recovery  would 
certainly  be  diminished.  Professor  Tiirck,^  of  Vienna,  has 
shown  that,  if  the  paralysis  continues  for  six  months  or 
longer  after  cerebral  haemorrhage  or  encephalitis,  atrophy  of 
the  nervous  fibres  of  the  opposite  antero-lateral  columns  of 
the  spinal  cord  is  apt  to  come  on.  Grranidar  cells  and  elemen- 
tary granules  are  formed,  which  appear  at  first  singly,  but 
later  on  in  large  masses,  above  the  origin  of  the  nervous 
plexuses  of  the  upper  and  lower  extremities.  When  this 
process  has  reached  a  certain  stage,  any  further  therapeutical 
efforts  must  inevitably  fail ;  and  pathological  anatomy  thus 
plainly  warns  us  not  to  defer  the  galvanic  treatment  of 
cerebral  paralysis  longer  than  a  short  time  after  the  occur- 
rence of  the  attack. 

In  cases  where  the  current  is  applied  early — that  is,  about 
three  weeks  after  the  occurrence  of  the  attack — it  is  sufficient 
to  resort  to  galvanisation  of  the  injured  hemisphere  and 
cervical  sympathetic  of  the  same  side,  producing  anelectro- 
tonus.  As  a  rule,  after  a  few  applications  there  is  greater 
ease  in  the  head  as  well  as  in  the  limbs  ;  if  there  has  been 


'  Sitzungsterichte  der  mathem.  naturwiss.'  Classe  der  k.k.  Akademie  der 
Wissenschaften  zu  "VVien. 
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pain,  this  is  relieved,  and  tlie  motion  of  the  hands  and  feet 
becomes  re-established.  The  arm  is  generally  more  sluggish 
to  recover  than  the  leg,  and  the  recovery  always  proceeds  in 
a  direction  from  the  centre  to  the  periphery. 
.  In  cases  where  several  months  have  elapsed  since  the  oc- 
eurrence  of  the  attack,  galvanisation  of  the  brain  and  cervical 
sympathetic  alone  is  not  sufficient ;  and  peripheral  galvani- 
sation or  faradisation  should  then  be  combined  with  it.  In 
such  cases  Ave  assume  that  the  paralysis  is  no  longer  exclu- 
sively due  to  the  injury  of  the  affected  hemisphere,  but  also 
to  a  great  extent  to  the  loss  of  vital  energy  of  the  nerves  and 
muscles  of  the  affected  limb,  the  molecules  of  which  have  lost 
that  mobility  which  previously  enabled  them  to  respond  to 
the  orders  of  volition.  Whether  in  such  cases  galvanisation 
or  faradisation  should  be  resorted  to,  will  depend  upon 
the  individual  aspect  of  the  case  under  treatment;  and  it 
may  be  laid  down  as  a  general  rule  that,  where  the  electro- 
muscular  excitability  is  normal,  galvanisation,  and  where  it 
is  diminished,  faradisation,  should  be  employed.  It  is  often 
useful  to  combine  both  methods,  or  to  employ  one  after  the 
other  has  been  used  for  some  time  and  failed. 

We  have  already  seen  that  in  some  cases  of  hemiplegia  the 
paralysed  muscles  are  relaxed,  the  limbs  loose  and  flaccid, 
and  if  the  fore-arm  be  flexed  upon  the  arm,  or  the  leg  upon 
the  thigh,  no  resistance  to  that  movement  is  experienced. 
The  paralysed  muscles  present  a  striking  contrast  to  the  firm- 
ness and  plumpness  of  those  of  the  sound  side,  and  they  are 
more  or  less  wasted  according  to  the  length  of  time  which  has 
elapsed  since  the  paralytic  seizure.  In  such  cases  there  is 
generally  only  little  response  to  the  galvanic  and  faradic 
stimulus,  and  the  heat  and  nutrition  of  the  limbs  are  much 
below  par.  Some  of  these  cases  recover  spontaneously,  while 
others  only  slightly  improve  as  time  goes  on.  Where  re- 
covery  is   imperfect,   faradisation   is  a   valuable   means   of 
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•restoring  power  to  the  motor  nerves  and  muscles  whicli  remain 
,  paralysed,  and  require  a  stimulus  in  order  to  regain  their 
function.  Moistened  electrodes  should  be  directed  to  the 
suffering  nerves  and  muscles.  The  old-fashioned  way  of 
using  the  induced  current  in  these  cases,  viz.  to  let  the 
patient  hold  one  conductor  in  the  right  and  the  other  one  in 
the  left  hand,  or  to  place  his  feet  in  two  separate  vessels 
'filled  with  salt  water  and  connected  with  the  poles  of  a 
battery,  is  to  be  strongly  deprecated,  as  by  such  a  proceed- 
ing painful  and  irregular  commotions  are  caused  in  the 
paralysed  as  well  as  in  the  healthy  muscles,  which  are  indis- 
criminately affected.  This  method  of  operation  can  therefore 
^not  be  beneficial  to  the  patient.  On  the  contrary,  it  has 
:  often  done  harm  by  causing  cerebral  irritation  and  increas- 
ing the  contractions.  The  following  is  a  case  in  which  only  a 
few  muscles  remained  paralysed  after  the  stroke,  and  in  which 
faradisation  was  beneficial : — ■ 

Case  10. — Jane  S.,  aged  35,  was  in  July  1857  admitted  into 
Carlisle  ward,  St.  Mary's  Hospital,  nnder  the  care  of  Dr.  Alder- 
son.  From  the  somewhat  confused  statement  of  the  patient, 
whose  intellect  and  memory  are  below  the  average,  I  concluded 
that  she  broke  a  blood-vessel  in  the  right  corpus  striatum  fifteen 
months  ago,  in  consequence  of  which  she  lost  consciousness  and 
the  use  of  the  left  arm  and  leg.  The  leg  appears  to  have  soon 
recovered ;  for,  when  I  first  saw  her  on  July  20,  she  could  walk 
pretty  well,  but  several  muscles  of  the  left  arm  were  paralysed, 
viz.  the  deltoid,  the  extensor  of  the  forefinger,  and  all  the  muscles 
bf  the  thumb.  She  could  raise  the  humerus,  this  movement  being 
produced  by  the  concurrent  action  of  the  trapezius,  serratus  mag- 
nus,  and  deltoid,  but  she  was  not  able  to  lift  the  arm  to  a  right 
angle  with  her  body,  and  when  she  held  the  hand  on  the  lower 
part  of  the  spine,  she  could  not  move  it  upwards.  The  forefinger 
was  shghtly  contracted,  and  could  not  be  extended ;  the  thumb 
was  held  against  the  forefinger,  and  was  totally  powerless.  All 
the  affected  muscles  were  flabby  and  wasted.  The  patient  was 
not  able  to  use  her  needle  or  do  any  other  work.  When  I  directed 
the  faradic  current  to  the  paralysed  muscles,  they  showed  much 
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less  excitability  to  it  than  the  corresponding  muscles  of  the  other 
side.  The  deltoid  was  much  improved  after  five  applications, 
hut  the  muscles  of  the  forefinger  and  thumb  recovered  only  after 
a  month's  treatment,  in  which  faradisation  was  used  about  twenty 
times.  The  patient  then  left  the  hospital,  being  again  able  to  use 
her  needle  and  to  accept  a  situation  as  cook. 

Where  the  hssmorrhage  has  been  so  extensive  as  to  destroy 
the  corpus  striatum  nearly  or  altogether,  no  benefit  accrues 
from  faradisation,  or  in  fact  from  any  other  plan  of  treat- 
ment.    The  following"  is  an  instance  of  this  : — 

Case  11. — In  May  1858  I  was  consulted  in  the  case  of  a  mer- 
chant, aged  60,  married,  who  had  been  in  tolerably  good  health 
until  December  1857,  when  he  was  knocked  down  by  a  cab. 
With  the  exception  of  some  bruises  on  the  back  and  the  leg,  no 
apparent  injury  was  caused  by  this  accident,  but  the  day  after  he 
was  seized  by  an  attack  of  hemiplegia,  which  afiected  the  whole 
left  side  of  the  body.  He  did  not  lose  his  speech  nor  his  con- 
sciousness. The  face  recovered  rapidly,  but  the  arm  and  leg 
remained  completely  useless.  He  could  pull  up  his  shoulder  to 
some  extent,  but  was  unable  to  lift  the  hand  to  the  forehead  or 
put  it  on  his  back,  or  on  the  opposite  shoulder;  nor  could  he  bend 
the  elbow  or  move  the  wrist  in  any  direction.  He  had  to  be 
lifted  into,  and  out  of,  his  bed,  and  everything  had  to  be  done  for 
him  as  for  an  infant.  There  were  hardly  any  contractions  in  the 
muscles,  w^hich  were  flabby,  and  responded  only  a  little  to  the 
faradic  current.  His  general  health  was  tolerably  good.  Fara- 
disation was  used  for  sis  weeks,  but  with  no  perceptible  efiect, 
the  condition  of  the  patient  remaining  much  the  same  as  before. 
The  muscles  of  the  limbs  which  had  been  faradised  were  better 
nourished  and  answered  more  readily  to  the  current  than  before ; 
but  there  was  no  return  of  voluntary  power. 

Where  the  nerves  and  muscles  of  the  affected  side  are 
equally  excitable  to  electricity  as  tliose  of  the  healthy  side, 
the  continuous  current  is  more  appropriate  than  faradism  ; 
and  provided  the  original  injury  has  not  been  too  severe,  it 
may  prove  decidedly  beneficial. 

Case  12. — A  clergyman,  aged  46,  married,  had  an  attack  of 
cerebral  heemorrhage  in  September  1868.   He  had  for  many  years 


CHAP.  V,  PAEALYSIS  509 

worked  hard  in  his  parish  and  undergone  much  anxiety.    He  had 
never  exceeded  in  drinking  or  smoking,  and  there  were  no  nervous 
affections  in  his  family.    When  I  first  saw  him  in  December  1869 
his  intellect  was  good,  his  memory  rather  worse  than  before,  and 
his  power   of  appHcation  much  diminished.     His   temper  was 
iiritable,  but  he  did  not  suffer  much  from  despondency.     The 
sight  and  the  motor  nerves  of  the  eye  were  in  good  condition,  but 
he  complained  of  tinnitus  aurium  ever  since  the  attack.  The  tongue 
was  tremulous  when  protruded,  and  there  was  lateral  deviation 
of  its  apex.     He  had  suffered  a  great  deal  from  headache  before 
the   attack,  but   never  since.     One  of  the   principal  symptoms 
which  now  troubled  him  was  a  feeling  of  dizziness  in  walking, 
and  more  especially  on  going  downstairs.     Mastication  and  de- 
glutition had  been  very  diflS.cult  after  the  attack,  but  were  now 
tolerably  good.     The  speech,  which  had  been  lost  for  a  few  days, 
was  still  affected,  as  the  patient  had  lost  the  fluency  of  talk,  and 
was  sometimes  obliged  to  stop  in  the  middle  of  a  sentence  in 
search  of  a  word.    His  face,  which  had  at  first  been  much  affected, 
was  still  slightly  distorted.     He  sometimes  complained  of  j)alpi- 
tation  of  the  heart ;  the  tongue  was  clean  and  the  appetite  pretty 
good,  but  constipation  was  troublesome,  so  that  he  was  obliged 
to  take  purgative  medicines  several  times  a  week.     He  had  for 
several  years  previous  to  the  attack  suffered  much  from  pain  in 
the  loins,  and  had  at  times  passed  a  good  deal  of  gravel.     There 
had  been  incontinence  of  urine  and  feeces  for  about  six  days  after 
the  attack ;  but  the  bladder  and  kidneys  were  now  in  their  nor- 
mal condition.     The  right  arm  was  cold  and  stiff.     He  could  not 
put  the  hand  on  the  opposite  shoulder,  nor  on  the  forehead,  nor 
up  the  back.     He  could  not  write,  nor  cut  his  meat,  but  could 
manage  with  some  exertion  otherwise  to  feed  and  dress  himself. 
The  leg  had  almost  entirely  recovered.     Farado-muscular  excit- 
ability was  exactly  the   same  in  both  sides  of  the  body.     The 
patient  at  first  underwent  a  course  of  nitrate  of  silver,  in  one- 
sixth  grain  doses  twice  daily  for  six  weeks,  which  improved  di- 
gestion and  defecation,  and  relieved  the  giddiness  to  some  extent. 
He  returned  to  town  in  February  next,  and  as  he  still  complained 
of  hesitation  in  his  speech,  giddiness,  and  loss  of  power  in  the 
arm,  I  applied  the  constant  current  daily  to  the  left  hemisphere 
and  cervical  sympathetic,  and  to  the  nerves  and  muscles  of  the 
right  arm.     Within  ten  days  he  had  almost  entirely  recovered 
the  use  of  the  Hmb,  and  only  felt  a  slight  pain  on  the  top  of  the 
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shoulder  when  he  threw  his  arm  about.  The  anode  was  now' 
appHed  for  a  few  minutes  continuatively  to  the  painful  spot,  and 
after  two  such  applications  the  pain  was  relieved.  The  treatment 
was  altogether  continued  for  a  month,  when  the  only  troublesome 
symptom  which  still  remained  was  inability  of  continued  mental 
application. 

The  prognosis  is  not  favourable  in  cases  where  the  paralysed 
nerves  and  muscles  show  the  phenomena  of  convulsibility 
and  exhaustibility  (Benedict).  Convulsibility  is  that  condi- 
tion where  the  electro-muscular  contractility,  which  on  first 
applying  either  the  faradic  or  galvanic  current  may  have  been- 
normal  or  diminished,  rises,  as  the  current  continues  to  act, 
more  rapidly  and  to  a  greater  height  than  it  should  do.  On 
the  contrary,  there  is  exhaustibility,  where  the  galvanic  or 
faradic  response  of  the  nerves  and  muscles  diminishes  con- 
siderably after  a  short  action,  having  been  either  normal,  in- 
creased, or  diminished  at  first.  Both  phenomena  occur 
chiefly  where  paralysis  is  combined  with  idiotcy. 

There  are  few  cases  of  hemiplegia  where  there  is  not  a 
slight  amount  of  rigidity  in  some  of  the  paralysed  muscles  ; 
but  in  some  instances  the  rigidity  is  so  marked  as  to  form 
the  most  prominent  symptom.  Twitchings  of  the  fingers 
and  toes  are  often  connected  with  it ;  they  occur  especially 
at  night,  and  interfere  with  sleep.  In  such  cases  the  con- 
stant current  should  be  used  rather  than  faradisation,  which 
latter  may,  however,  be  employed  where  an  effective  constant 
battery  is  not  procurable.  The  following  case  shows  that 
faradisation  of  the  antagonists  of  the  rigid  muscles  may  do  a 
certain  amount  of  good  in  such  conditions  : — 

Case  13. — In  December  1858,  J.  M.,  aged  54,  a  cai-penter,  was 
Tinder  the  care  of  Dr.  Todd,  in  King's  College  Hospital,  Four; 
years  ago  he  had  had  an  attack  of  paralysis  of  the  right  side. 
The  paralysed  muscles  had  then  soon  assumed  a  state  of  rigidity, 
which  had  not  undergone  any  considerable  change  since  that 
time.     When  I  first  saw  the  patient  he  could  walk  with  some 
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difficulty,  but  the  right  arm  was  perfectly  useless,  owing  to 
rigidity  of  a  number  of  muscles ;  viz.  of  the  coracobrachial, 
muscle,  whereby  the  arm  was  adducted  to  the  side,  and  of  the, 
biceps,  by  which  the  fore-arm  was  bent  upon  the  arm.  If 
forcible  extension  of  the  fore-arm  was  attempted,  the  biceps 
resisted  the  movement,  but  no  pain  was  experienced  during  such 
forcible  extension.  The  triceps  was  rigid,  although  much  less  so 
than  the  biceps  ;  it  was  shown  to  be  so  when  complete  flexion  of 
the  fore-arm  was  attempted,  so  as  to  place  the  fingers  on  the 
acromion  of  the  same  side.  The  flexor  muscles  of  the  wrist  and 
of  the  fingers  were  completely  rigid  ;  the  hand  was  strongly 
flexed  upon  the  fore-arm,  and  the  fingers  pressed  against  the 
palm  of  the  hand,  so  that  the  patient  was  obliged  to  cut  his  nails 
very  short,  in  order  to  prevent  the  skin  from  being  irritated  by 
them.  The  tendons  of  the  flexors  projected  like  tight  strings 
beneath  the  skin.  The  patient,  however,  felt  no  pain  if  forcible 
extension  of  the  wrist  and  of  the  fingers  was  attempted.  The 
muscles  were  not  much  wasted,  but  faradic  excitability  was 
sluggish  in  the  extensors,  while  the  flexors  of  the  fore-arm 
contracted  readily  under  the  influence  of  a  gentle  current.  The 
muscles  of  the  lower  extremity  were  not  nearly  so  rigid  as  those 
of  the  arm ;  some  degree  of  contraction,  however,  existed  in  the 
hamstring  muscles  and  the  flexors  of  the  toes ;  and  in  walking 
the  patient  was  seen  to  drag  the  paralysed  leg. 

I  thought  that  in  this  case  it  might  be  possible  by  faradisation 
to  correct  to  some  extent  the  disturbed  balance  between  the 
different  sets  of  muscles  of  the  uppei"  extremity ;  and  this  view 
was  confirmed  by  the  result  of  the  treatment.  I  faradised  the 
extensors  of  the  fore-arm  for  some  time,  after  which  the  tendons 
of  the  flexors,  which  had  before  projected  like  tight  strings 
beneath  the  skin,  became  soft  and  flexible  ;  and  the  patient  was 
able  to  open  his  hand  and  stretch  his  fingers  ;  but  having  been 
some  time  afterwards  exposed  to  cold,  the  flexors  again  assumed 
a  certain  degree  of  rigidity.  Unfortunately  there  was  at  that 
time  no  battery  at  King's  College  Hospital  furnishing  a  con- 
tinuous current,  which  I  should  have  wished  to  apply  to  the 
rigid  flexors,  or  the  patient's  condition  might  have  been  much 
more  amehorated.  By  further  faradisation  he  again  improved, 
but  he  left  the  hospital  before  permanent  relief  was  afibrded. 

In  such  cases  there  is  always  a  certain  degree  of  subacute 
or  chronic  inflammatory  irritation  of  that  hemisphere  of  the 
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"brain  wliich  is  opposite  to  the  paralysed  side  ;  and  in  some 
of  them  the  continuous  current  applied  to  the  head  of  the 
Opposite  side,  to  the  sympathetic,  and  finally  as  cord-nerve- 
current,  is  of  benefit,  but  which  in  most  cases  is  only  tempo- 
rary. Nevertheless,  we  find  that  even  in  bad  cases  of  hemi- 
plegia with  rigidity,  perseverance  in  treatment  is  rewarded 
by  a  measure  of  success.  Private  patients  are  apt  to  lose 
hope  if  there  is  not  a  quick  improvement ;  but  from  what  I 
have  seen  in  the  out-patients  of  the  hospital,  whom  I  have 
been  able  to  keep  under  observation  for  twelve  or  eighteen 
months  consecutively,  or  even  longer,  I  have  come  to  the 
conclusion  that  few  cases,  however  bad,  are  utterly  incapable 
of  amendment.  The  anatomical  alterations  which  Messrs. 
Charcot  and  Cornil  ^  have  described  as  occurring  in  the  motor 
nerves  under  these  circumstances,  are  therefore  probably  not 
constant,  or  if  they  are,  it  must  be  supposed  that  they  become 
less  destructive  of  function  under  the  influence  of  galvani- 
sation. 

Where  hemiplegia  is  combined  with  total  loss  of  language 
(aphasia)  the  prognosis  is  decidedly  unfavourable.  A  slight 
impediment  of  speech  (thickness,  huskiness,  &c.)  often  yields 
to  treatment,  but  aphasia  never. 

Hemiplegia  not  unfrequently  occurs  in  persons  suffering 
from  tertiaiy/  syphilis,  and  is  then  either  owing  to  plugging 
of  the  vessels  and  softening,  or  to  haemorrhage.  Iodide  of 
potassium,  which  does  so  much  good  in  other  forms  of  neuro- 
syphilis, has,  curiously  enough,  no  effect  on  syphilitic  hemi- 
plegia ;  and  if  such  patients  do  not  recover  by  the  reparative 
process  of  nature,  we  must  have  recourse  to  galvanisation  or 
faradisation. 

I  think  that  the  constant  current  acts  beneficially  in 
syphilitic  hemiplegia,  not  so  much  by  repairing  the  damage 

^  Comptes-rendus  de  la  Soci^t6  de  Biologie.    Paris,  1863. 
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done  to  individual  blood-vessels  by  thrombosis,  as  by  power- 
fully promoting  collateral  cerebral  circulation,  whereby  the 
process  of  softening  is  prevented,  the  nutrition  of  already 
softened  matter  improved,  and  thus  function  gradually  re- 
stored, either  completely  or  partially.  Potassic  iodide  can- 
not do  this ;  it  may  be  able  to  neutralise  in,  or  eliminate 
from,  the  system  all  or  most  of  the  syphilitic  poison,  which 
causes  the  arterial  disease  that  in  its  turn  gives  rise  to  soft- 
ening and  hemiplegia;  but  it  cannot  cure  the  softening, 
where  this  has  proceeded  to  any  considerable  extent.  This 
is  the  reason  why  the  constant  current  must  be  looked  upon 
as  the  necessary  complement  of  potassic  iodide  in  the  treat- 
ment of  most  forms  of  neuro-syphilis. 

Case  14. — A  carpenter,  aged  42,  was  admitted  as  an  out-patient 
at  the  Infirmary  for  Epilepsy  and  Paralysis  on  October  31, 1870  ; 
has  had  gonorrhoea  several  times,  and  had  a  hard  chancre  five 
years  ago.  There  have  been  slight^secondary  symptoms  off  and  on, 
affecting  chiefly  the  fauces  and  the  skin.  Two  years  ago  he  sud- 
denly lost  his  speech  for  about  fifteen  minutes;  but,  as  he  then  com- 
pletely regained  it,  nothing  was  thought  about  it  at  the  time.  Since 
then,  however,  he  had  again  lost  his  speech  on  several  occasions 
for  an  hour  or  two,  but  underwent  no  special  treatment.  In 
July  last  he  began  to  have  intermittent  attacks  of  paralysis, 
which  always  affected  the  right  side,  but  only  lasted  for  a  few 
hours  at  a  time,  after  which  he  again  felt  quite  well.  After 
having  had  about  a  dozen  such  attacks,  he  at  last,  on  August  30, 
had  a  real  apoplectic  seizure,  accompanied  with  loss  of  speech  and 
consciousness  and  total  paralysis  of  the  right  side.  His  con- 
sciousness returned  in  about  three  hours,  his  speech  to  some 
extent  at  the  end  of  the  first  week.  The  distortion  of  the  face 
lasted  only  a  day  or  two,  and  the  leg  began  to  improve  after 
about  a  fortnight.  The  arm  only  improved  to  a  slight  extent 
during  the  first  month,  and  has  lately  been  quite  stationary,  so 
that  he  is  thoroughly  disabled  from  working. 

Patient  looks  wretchedly  out  of  health — in  fact,  thoroughly 
broken  down.  Tongue  deviated  to  the  left  side  and  fissm-ed. 
No  affection  of  the  cerebral  nerves  ;  but  he  complains  of  a  con- 
stant aching  pain  at  the  back  of  the  head  and  frequent  flushes 

L  L 
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of  the  face,  wliicli  make  him  feel  restless  and  miserable. 
Memory  has  been  gradually  getting  worse ;  speech  is  thick  and 
somewhat  hesitating.  The  attention  is  apt  to  wander  from 
one  thing  to  another,  and  since  the  paralytic  attack  '  he  has  said 
and  done  foohsh  things.'  Arm  is  to  a  great  extent  useless, 
through  a  semi-paralytic  condition  of  the  deltoid,  serratus, 
trapezius,  triceps,  and  extensor  digitorum  communis  muscles. 
There  is  a  slight  contraction  of  the  biceps  and  flexors  of  the 
hand  and  fingers,  and  a  certain  amount  of  pain  at  the  insertion 
of  the  deltoid.  Slight  anaethesia  and  coldness  of  the  whole 
upper  extremity.  Thigh  and  leg  are  weak;  slight  contraction 
of  hamstring  muscles.  Digestion  tolerably  good  ;  bowels 
regular  ;  no  disorder  of  the  chest  or  genito-urinary  organs.  A 
small  and  tender  node  is  on  the  left  shin-bone,  and  at  the  right 
hip  there  is  a  rather  large  cicatrix  from  a  syphilitic  ulcer,  which 
healed  about  two  years  ago.  Ordered  potass,  iodidi,  gr.  v., 
ter  die. 

November  7. — No  change  in  the  patient's  condition.  He 
takes  the  iodide  well ;  it  was,  therefore,  increased  to  ten  grains 
thrice  daily. 

14. — No  change  in  the  paralysis ;  no  iodism.  Fifteen  grains 
ter  die. 

21. — Same  report.     Scruple  doses  of  potassic  iodide. 

28. — Slight  ephipora  and  coryza ;  no  improvement  in  para- 
lysis ;  on  the  contrary,  the  contractions  both  in  the  arm  and  leg 
are  increasing.     Continue  iodide. 

December  5. — Contractions  still  increasing  ;  iodism  is  getting 
troublesome.  The  iodide  was  therefore  given  up,  and.  an  in- 
different mixture  substituted  for  it ;  at  the  same  time  galvanisa- 
tion of  the  cervical  sympathetic  and  of  the  suffering  nerves  of  the 
arm  a.nd  leg  was  ordered  three  times  a  week. 

12, — First  application  of  the  constant  current  to  the  sym- 
pathetic removed  the  pain  from  the  back  of  the  head ;  arm 
and  leg  feel  a  little  stronger ;  immediately  after  the  application 
the  paralysed  side  feels  warmer  than  the  healthy  one, 

January  30,  1871. — Patient  has  had  seventeen  applications  of 
the  constant  current.  He  is  able  to  use  arm  and  leg  so  well  that 
he  wishes  to  be  discharged,  as  he  feels  able  to  return  to  his 
work.     Has  not  attended  since. 

In  paralysis  owing  to  tumour  or  abscess  of  the  brain,  or 
any  other  severe  structural  lesion,  no  form  of  electricity  can 
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do  good.  But  wliere  it  seems  to  occur  in  consequence  of 
exhaustion  and  slight  e&ision,  without  any  serious  structural 
change,  the  continuous  current  may  be  used,  and  the  effect 
is  then  generally  immediate.  The  following  case  is  one  of 
this  class  : — 

Case  15. — ^A merchant,  aged  52,  married,  had  been  in  a  low  state 
of  health  for  some  years  past  in  consequence  of  much  anxiety  and 
trouble,  but  had  not  suffered  from  any  serious  illness.  He  was 
sitting  quietly  at  home,  on  July  20,  1867,  writing  a  letter,  when 
he  suddenly  felt  faint  and  giddy,  the  pen  dropped  out  of  his 
hand,  and  he  completely  lost  the  use  of  the  right  arm.  He  did 
not  lose  his  speech  and  consciousness,  nor  the  use  of  the  leg,  nor 
was  the  face  distorted.  A  friend  who  happened  to  be  present 
advised  him  to  put  his  hand  into  boiling  water,  which  he  did, 
and  bhstered  it  most  severely  with  it.  As  the  scalding  of  the 
arm  and  hand  produced  no  effect,  a  cold  douche  was  next 
applied  to  it,  and  the  wrist  was  then  a  good  deal  knocked  about, 
in  order  to  get  the  life  back  into  it  (!)  As  none  of  these  violent 
measures  had  the  least  effect,  the  patient  consulted  me  two  days 
afterwards,  when  I  found  complete  paralysis  of  the  fore-arm  and 
hand,  and  nearly  complete  anaesthesia  of  the  hand  and  fingers.  I 
applied  a  carrent  of  twenty  cells  to  the  left  hemisphere  for  one 
minute,  after  which  the  patient  lifted  his  wrist  and  moved  the 
fingers  to  a  shght  extent.  I  did  not  use  any  jDeripheral  gal- 
vanisation. Two  days  afterwards  he  came  again,  when  I  found 
that  the  improvement  had  continued,  but  not  made  further 
progress.  I  then  again  resorted  to  cerebral  galvanisation,  with 
the  effect  that  a  little  more  action  in  the  hand  became  manifest. 
But  as  it  was  still  weak,  I  now  combined  peripheral  galvanisation 
of  the  radial  and  median  nerve  with  it.  The  effect  of  this  was 
apparently  even  greater  than  that  of  the  cerebral  application,  as 
the  patient  could  grasp  my  hand  firmly  afterwards,  and  dress 
himself  without  assistance.  Another  application  of  galvanism  on 
the  following  day  completely  restored  the  use  of  the  hand  and 
fingers. 

2.  Spinal  Paralysis. — By  this  is  meant  real  paralysis  of 
motion,  and  not  want  of  co-ordination  of  movements,  which 
latter  occurs  in  tabes  dorsalis  or  ataxy.  Spinal  paralysis  is 
due  either  to  primary  lesions  of  the  antero-lateral  columns 
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and  the  grey  matter,  or  it  comes  on  from  affections  of  the 
spinal  meninges  and  the  vertebras.  If  the  paralysing  lesion 
he  seated  in  the  lumbar  portion  of  the  cord,  there  is  paralysis 
of  the  lower  extremities  (paraplegia)  and  of  the  muscles  of 
the  pelvis.  Where  the  dorsal  portion  is  affected,  the  abdo- 
minal and  lumbar  muscles  suffer  likewise,  respiration  is  im- 
peded, and  there  may  be  tympanites,  priapism  and  paralysis 
of  the  sphincters.  Finally,  if  the  cervical  portion  be  diseased, 
the  upper  extremities  are  also  paralysed,  respiration  suffers 
more  considerably,  and  deglutition  becomes  imperfect ;  but 
the  intellect  and  the  nerves  of  special  sense  remain  in  their 
normal  condition.  In  cases  of  this  kind  the  excitability  of 
the  muscles  is  diminished  in  exact  proportion  to  the  degree 
in  which  their  nutrition  is  impaired ;  and  it  may  at  last 
entirely  disappear.  Anaesthesia  is  more  complete  and  per- 
manent in  spinal  than  in  cerebral  paralysis ;  nutrition  is 
therefore  more  seriously  impaired,  and  there  is  g-reat  disposi- 
tion to  decubitus.  Spinal  hemiplegia  is  very  rare,  and  has 
as  yet  not  become  the  object  of  electrical  treatment. 

"Whether  galvanisation  is  likely  to  do  good  or  not  in  spinal 
paralysis,  depends  chiefly  upon  the  cause  and  duration  of  the 
disease,  and  upon  the  age  and  constitution  of  the  patient. 
Where  the  paralysis  is  caused  by  tumours  pressing  on  the 
spinal  cord,  or  by  caries  of  the  vertebrae,  or  when  it  has  come 
on  after  fractures  or  dislocations,  or  if  the  substance  of  the 
cord  is  actually  destroyed  by  haemorrhage,  inflammation,  or 
softening,  the  galvanic  current  may  relieve  certain  symptoms 
of  the  affection,  but  cannot  have  any  curative  effects. 

There  are,  however,  many  cases  of  spinal  paralysis  which 
come  on  after  acute  diseases,  such  as  typhoid  fever,  suppres- 
sion of  habitual  haemorrhage,  or  after  a  very  abundant 
haemorrhage,  principally  post-partum ;  after  cold,  convul- 
sions, over-exertion,  a  fall  on  the  back,  and  in  consequence 
of  general  anaemia.      In  these  we  have  to  do  either  with 
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hypersemia  or  with  anaemia  of  the  cord ;  and  it  is  probable 
that  anaemia  and  atrophy  is  the  ultimate  result  of  all.  In 
cases  of  this  kind  the  constant  current  should  be  used,  and 
its  employment  is  almost  always  followed  by  satisfactory  re- 
sults. Cceteris  'paribus,  young  patients  and  recent  cases  are 
more  likely  to  get  well  than  the  reverse. 

Case  16. — T.  B.,  aged  35,  a  surveyor,  had,  with  the  exception  of 
gonorrhcea,  never  been  ill  until  six  months  ago,  when  he  was 
unusually  overtaxed  with  work,  and  was  constantly  exposed  to 
the  influence  of  damp  and  cold.  So  gradual  was  the  loss  of 
power  that  came  over  him,  that  he  was  not  the  first  to  notice  it, 
but  was  told  by  his  friends  that  he  walked  lame.  Soon  after- 
wards, however,  he  felt  so  weak  that  he  could  not  walk  without 
the  aid  of  a  stick.  His  feet  used  to  perspire  a  good  deal  before 
he  began  to  suffer  in  this  way,  but  had  not  done  so  after  he  had 
become  lame.  In  the  region  of  the  tenth  dorsal  vertebra  the 
back  was  painful  to  pressure,  and  a  hot  sponge  applied  there 
produced  a  peculiarly  unpleasant  sensation,  different  from  that 
which  was  felt  on  other  parts  of  the  back.  The  patient  had  at 
first  perceived  '  pins  and  needles  '  in  the  lower  extremities,  which 
was,  after  a  time,  succeeded  by  a  feeling  of  numbness,  so  that  in 
walking  he  did  not  feel  the  ground.  When  standing  in  the 
■dark,  or  with  his  eyes  closed,  he  at  once  began  to  stagger. 
Going  downstairs  was  very  difiicalt  for  him.  The  skin  was  dry, 
cold,  and  flabby.  I  examined  it  by  the  aid  of  the  sesthesiometer, 
and  found  a  great  diminution  of  sensibility  all  over  the  lower 
part  of  the  back,  the  epigastrium,  and  the  lower  extremities  ;  but 
there  was  no  complete  aneesthesia.  The  muscles  of  the  abdomen 
and  of  the  lower  extremities  were  somewhat  wasted,  and  sluggish 
in  their  response  to  the  galvanic  and  faradic  stimulus.  The 
patient  suffered  from  costiveness  and  a  feeling  of  pressure  and 
tightness  in  the  epigastrium,  and  was  obliged  to  use  great 
exertions  for  relieving  the  bladder.  The  urine  was  apt  to  turn 
alkaline  in  a  short  time,  but  otherwise  healthy.  The  patient 
had  sometimes  involuntary  emissions  of  faeces  and  urine.  He 
had  taken  much  medicine,  especially  strychnia,  bichloride  of 
mercury,  and  iodide  of  potassium,  but  without  any  benefit. 

Galvanisation  of  the  back  and  the  feet,  and  faradisation  of  the 
muscles  of  the  abdomen  and  of  the  lower  extremities,  was  now 
xesorted  to.     After  a  fortnight's  treatment  the  patient  felt  a  good 
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deal  better.  He  had  more  control  over  his  legs,  was  better  able 
to  hold  and  pass  his  urine,  and  sensation  was  more  distinet 
everywhere.  He  remained  under  my  care  for  nearly  six  weeks, 
getting  gradually  stronger,  and  being  able  to  walk  a  short 
distance  without  the  aid  of  a  stick.  A  longer  treatment  would 
probably  have  produced  even  more  decisive  results. 

Case  17.- — A  commercial  traveller,  aged  38,  consulted  me  in 
October  1864  for  weakness  in  the  back  and  loss  of  power  in 
the  lower  extremities.  He  began  to  suffer  in  March  of  the  same 
year,  after  unusually  hard  work  and  great  fatigues ;  and  had 
gradually  become  worse  from  that  time.  At  first  he  felt  a 
sensation  of  '  pins  and  needles  '  in  the  feet,  but  this  had  now  been 
succeeded  by  numbness.  His  gait  was  tottering,  and  he  could 
only  walk  by  the  aid  of  two  sticks.  There  was  a  high  degree  of 
anaesthesia  in  the  back  from  the  sixth  dorsal  vertebra  downwards,, 
and  also  in  both  thighs  and  legs,  so  that  the  application  of  a 
very  powerful  galvanic  current  was  only  just  felt  as  a  slight 
tingling  sensation.  The  patient  also  suffered  from  costiveness 
and  difficulty  of  micturition.  There  was  no  ataxy.  I  applied 
the  continuous  current  twice  a  week  for  two  months,  at  the 
end  of  which  time  the  patient  could  walk  without  a  stick,  had 
lost  the  feeling  of  numbness  in  the  feet,  and  the  an£esthesia  of  the 
back  had  so  far  yielded  that  the  application  of  forty  cells  of 
Daniell's  battery  was  all  he  could  comfortably  bear,  while  at  first 
the  current  of  a  hundred  cells  had  appeared  to  him  '  like 
nothing.'  From  beginning  with  the  latter  number,  I  gradually 
came  down  to  fifteen  cells,  which  were  distinctly  felt  at  the  end 
of  the  treatment. 

The  following  is  one  of  Meyer's  cases  ^  : — 

A  Prussian  officer,  aged  38,  who  was  much  exposed  to  cold  and 
heat  alternately,  being  employed  in  the  gun-factory  at  Spandau, 
first  perceived  in  1862  a  sort  of  unsteadiness  in  his  legs,  which 
was  followed  by  a  feeling  of  cold  and  numbness  in  the  whole  left 
side  of  the  body.  These  sensations  gradually  disappeared,  but 
were  succeeded  by  progressive  weakness  in  the  left  thigh,  reflec- 
tory movements  in  both  legs,  wasting  of  the  left  glutsei  and 
muscles  of  the  left  thigh,  and  a  feehng  of  weight  in  the  lumbar 
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spine.  The  patient  improved  under  treatment ;  but  in  October 
1867,  on  getting  out  of  a  cab,  fell  down,  and  could  not  get  up  by 
himself.  Prom  that  time  the  lameness  of  the  leg  increased  very 
much ;  going  downstairs  was  very  difficult,  and  the  muscles  of 
the  thigh  wasted  away  rapidly.  There  was  pain  on  pressure  on 
the  lumbar  spine.  Meyer  applied  the  positive  pole  to  the  painful 
spot  of  the  spine,  and  the  negative  to  the  left  crural  plexus.  After 
nine  such  applications  the  nutrition  of  the  leg  was  improved,  the 
lameness  less,  going  upstairs  and  downstairs  was  easy,  and  the 
patient  could  walk  for  some  miles  without  fatigue. 

Dr.  Hitzig  ^  has  cured  a  similar  case  : — 

A  sergeant-major  of  the  Prussian  Guards,  aged  33,  fell  with 
his  horse  in  March  1865,  and  came  down  on  the  bottom  of  his 
back.  He  felt  pain  there,  but  was  able  to  remain  in  active  service 
until  May,  when  he  had  pleurisy.  He  was  convalescent  in  July, 
but  from  that  time  the  pain  in  the  back  increased ;  there  was  also 
pain  in  the  legs  and  extreme  sensibility  to  touch.  He  had  '  pins 
and  needles '  in  the  feet,  and  felt  the  ground  soft  on  Vv^alking, 
There  were  involuntary  muscular  twitches,  and  the  patient  became 
very  lame  ;  emissions  of  semen  took  "place  three  or  four  times  a 
week.  He  could  neither  walk  nor  stand  with  closed  eyes,  or  in 
the  dark,  and  was  obliged,  when  he  walked,  to  do  so  in  a  stoop- 
ing position,  as  in  walking  erect  he  felt  dizzy,  and  the  pain  in  the 
back  increased.  Nitrate  of  silver  and  iodide  of  potassium  had  no 
effect.  He  slept  badly,  and  had  scarcely  any  appetite.  After 
eight  appHcations  of  the  continuous  current  to  the  spine  continu- 
atively,  he  slept  well ;  there  was  only  little  pain,  and  the  legs  felt 
easier.  The  crural  nerves  were  now  likewise  galvanised  inter- 
mittently, and  with  such  good  effect '[that  the  numbness  in  the  feet 
disappeared,  and  he  could  stand  with  closed  eyes  for  fifteen 
seconds  without  staggering.  After  six  weeks  all  symptoms  had 
yielded  to  the  galvanic  treatment,  with  the  exception  of  a  slight 
pain  in  a  few  of  the  intervertebral  spaces.  The  patient  had  two 
relapses,  after  considerable  exertions  and  cold,  but  which  yielded 
to  the  same  treatment. 

Syphilitic  paraplegia  sometimes  comes  on  very  suddenly, 
"while  in  other  cases  its  invasion  is  more  gradual.     In  recent 
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cases  large  doses  of  iodide  of  potassium  are  sufficient  for  a 
cure,  while  in  cases  of  long  standing  this  drug  produces 
little,  if  any,  benefit.  In  such  cases  we  must  use  the  con- 
stant current,  either  with  or  without  potassic  iodide. 

I  subjoin  some  cases  which  will  illustrate  these  proposi- 
tions : — 

Case  18  — A  paper-stainer,  aged  32,  had  a  chancre  three  years 
ago,  and  secondary  symptoms  affecting  the  skin  and  fauces  at 
intervals.  Was  admitted  as  an  out-patient  in  the  Infirmary  for 
Epilepsy  and  Paralysis  on  May  17,  1869,  when  he  was  suffering 
from  complete  paraplegia,  which  had  come  on  rather  suddenly 
about  ten  days  previously.  He  had  been  apparently  well,  when 
he  began  one  evening  to  complain  of  sensations  of  '  pins  and 
needles '  in  the  feet;  next  morning  he  felt  numbness  in  the  lower 
extremities,  and  staggered  in  walking.  As  the  day  wore  on  he 
got  worse,  and  towards  evening  was  perfectly  helpless.  He  was 
carried  into  the  consulting-room  of  the  Infirmary,  being  quite 
unable  to  move  his  legs.  There  was  complete  anaasthesia  from 
the  waist  downwards  ;  the  bladder  and  rectum  were  not  affected. 
The  paralysed  muscles  responded  well  to  both  the  induced  and 
continuous  current.  The  legs  were  much  colder  than  the  arms. 
There  was  a  slight  degree  of  ptosis  of  the  left  eyelid,  and  incom- 
plete palsy  of  the  rectus  externus  of  the  same  eye.  This  patient 
emitted  a  most  disagreeable  smell  from  the  surface  of  his  body, 
and  this  was  quite  as  bad  when  the  patient's  back  was  turned  as 
when  one  faced  him.  It  was  not  the  peculiar  'poor- man's  smell' 
which  is  so  often  noticed  in  out-patients  of  hospitals,  and  which 
arises  chiefly  from  filthy  shirts  and  underclothing,  nor  was  it  the 
well-known  unpleasant  smell  which  is  owing  to  foulness  of  the 
stomach;  but  it  was  a  smell  sui  generis.  Ordered  gr.  xv,  of 
potass,  iod.  thrice  daily. 

May  24. — Patient  reports  himself  somewhat  better;  the  numb- 
ness is  not  so  great,  and  he  can  move  his  legs  a  little  when  he  is 
sitting  on  a  chair.     Gr.  xx.  of  potass,  iod.  thrice  daily. 

31. — Patient  takes  the  iodide  well.  Can  stand  when  supported 
by  one  person's  arm ;  moves  his  legs  more  fi'eely. 

August  2. — The  iodide  has  been  continued  without  ever  dis- 
agreeing. He  can  now  walk  pretty  well  for  about  a  mile  with 
the  aid  of  a  stick ;  anaesthesia  completely  gone. 
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October  18. — Patient  presents  himself,  apparently  quite  well. 
The  smell  has  completely  disappeared.     Discharged. 

This  is  one  of  a  class  of  cases  showing  that  m  recent  cases  of 
syphilitic  paraplegia  large  doses  of  potassic  iodide  are  sufficient  for 


Case  19. — Syphilitic  Paraplegia  of  Three  Years'  Duration. 

A  cahinet-maker,  aged  39,  married,  of  wretched  appearance 
and  sallow  complexion,  applied  at  the  Infirmary  on  February  27, 
1871,  complaining  of  inability  to  walk.  It  appeared  that  he  had 
long  suffered  froru  shooting  pains  in  the  head  and  limbs,  a  feeling 
of  faintness,  and  weak  sight.  A  twelvemonth  ago  he  occasionally 
lost  his  sight  completely  for  a  few  hours,  after  which  it  would 
return.  He  is  deaf  in  the  right  ear.  At  the  commencement  of 
1868  he  began  to  suffer  from  '  pins  and  needles  '  in  the  feet,  and 
gradually  lost  power  over  the  lower  extremities.  There  had 
never  been  complete  paralysis ;  the  patient  could  turn  in  bed,  and 
walk  slowly  and  in  a  jerky  manner,  with  the  aid  of  a  stick  and 
another  person's  arm.  He  cannot  stand  with  his  eyes  closed  for 
more  than  a  few  seconds,  finds  it  difficult  to  put  his  foot  on  a 
chair,  and  has  scarcely  any  command  over  the  ankle-joint.  There 
is  difficulty  of  micturition  and  defecation.  The  patient,  who 
seems  to  be  a  truthful  and  religious  man,  denies  having  had  any 
sexual  relations  out  of  wedlock,  and  says  he  had  never  had  any 
sore  on  the  penis.  His  wife,  who  accompanies  him,  has  the 
appearance  and  bearing  of  a  woman  of  the  town,  and  has  a  copper- 
coloured  eruption  on  the  forehead  and  neck,  and  swollen  cervical 
glands.  On  being  questioned,  she  complains  of  a  'nasty  discharge 
from  the  womb,'  which  she  has  had  for  a  long  time.  Patient  was 
ordered  potassic  iodide,  in  ten-grain  doses  ter  die,  and  a  table- 
spoonful  of  cod-liver  oil  twice  a  day. 

March  6. — Peels  rather  better  in  himself,  but  is  still  very  poorly 
on  his  feet.     Dose  of  potassic  iodide  increased  to  fifteen  grains. 

13. — Much  the  same  as  before.  To  take  twenty  grains  of  the 
iodic  salt  thrice  daily. 

April  3. — Symptoms  of  iodism ;  the  dose  is  reduced  to  ten 
grains  ter  die.  There  being  no  improvement,  the  constant  gal- 
vanic current  was  ordered  to  be  applied  to  the  spine  three  times 
a  week. 

June  26. — Patient,  who  lives  at  a  considerable  distance  from 
the  Infirmary,  has  only  been  able  to  attend  once  a  week  for  the 
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application  of  galvanism.  The  g-enerai  aspect  of  the  case  remains 
unchanged,  although  considerable  doses  of  the  iodic  salt  have 
heen  taken  for  four  months.     Patient  ceased  attendance. 

This  is  one  of  a  class  of  cases  showing  that  in  sypliilitiG  jjara- 
plegia  of  long  standing,  iodide  of  potassium  prodiices  little,  if  any, 
henefit. 

Case  20. — N'euro-SypJiilis  of  Nineteen  Tears^  Standing. 

A  carpenter,  aged  54,  applied  at  the  Infirmary  on  April  1, 1870. 
He  had  had  a  chancre  in  1851,  followed  by  rash  and  sore  throat. 
Three  months  had  scarcely  elapsed  after  the  primary  affection 
when  cerebral  symptoms  began  to  make  their  appearance.  He 
lost  his  memory  to  a  great  extent,  had  difficulty  in  speaking,  and 
gradually  became  very  weak  in  his  legs.  He  applied  at  a  general 
hospital,  and,  after  two  months'  treatment,  had  apparently  quite 
recovered.  Two  years  afterwards  he  had  several  convulsive  fits, 
in  which  he  lost  his  consciousness  ;  and  some  years  later  he  was 
out  of  his  mind  for  a  few  days,  and  very  violent.  He  is  a  total 
abstainer,  but  occasionally  feels  as  if  he  were  drunk  and  would 
fal] ;  but  he  can  by  an  effort  rouse  himself,  '  without  going 
off.'  His  speech  is  now  tolerably  distinct,  although  articulation 
seems  troublesome  ;  liis  memory  is  better  than  it  was  ten  years 
ago  ;  he  feels  no  diminution  of  his  intellectual  capacity  ;  he  has 
slight  ptosis  of  the  left  eyelid,  and  numbness  in  the  third  and 
little  finger  of  the  right  hand.  He  applied  at  the  Infirmary  chiefly 
on  account  of  his  walking  so  badly — indeed,  he  walked  like  a  man 
suffering  from  locomotor  ataxy.  As  it  appeared  that  the  man 
had  already  taken  large  quantities  of  mercury  and  potassic  iodide, 
no  medicine  was  given.  The  constant  current  was  appKed  con- 
tinuously to  the  spine,  and  intermittently  to  the  nerves  of  the 
legs.  After  twenty  applications  the  patient  walked  very  much 
better  than  before,  and  ceased  attendance. 

This  is  one  of  a  class  of  cases  showing  that  in  syphilitic  para- 
plegia of  long  standing  the  constant  galvanic  current  is  an  excellent 
remedy,  which  should  always  he  employed  where  iodide  of  potassium 
fails  to  do  good. 

There  is  a  peculiar  kind  of  paralysis  which  some  observers 
believe  to  be  owing  to  disease  of  the  cervical  sympathetic, 
but  which  is  more  probably  owing  to  spinal  ansemia.      That 
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this  kind  of  paralysis  is  cured  by  the  proceeding  known  as 
'  galvanisation  of  the  sympathetic,'  is  no  proof  that  it  is  really 
caused  by  disease  of  the  sympathetic  system  of  nerves ;  for 
in  the  proceeding  employed,  the  cervical  portion  of  the  spinal 
cord  is  likewise  put  under  the  influence  of  the  current.  Dr. 
Drissen,  of  Berlin,  has  recorded  the  following  case  of  this 
kind: — 

A  sculptor,  aged  35,  served  in  the  Prussian  campaign  of  1866. 
Ever  since  July  of  that  year  he  had  suffered  a  good  deal  in  his 
arms.  When  he  came  under  observation,  both  arms  were  wasted 
and  as  cold  as  ice ;  the  hands  were  anaesthetic  and  anaemic,  like 
those  of  a  dead  body  ;  no  blood  flowed  when  a  needle  was  deeply 
stuck  into  them  and  taken  out ;  the  movements  were  difficult 
and  powerless.  The  lower  extremities  were  in  much  the  same 
condition,  but  not  quite  so  bad.  Diaphoretics  of  all  kinds  had 
been  used  for  producing  perspiration,  but  without  success.  Dr. 
Drissen  directed  the  continuous  current  to  the  cervical  sympa- 
thetic, and  during  the  second  apphcation  profuse  perspiration 
occurred,  more  especially  in  the  fingers,  while  the  hands  became 
red ;  diplegic  contractions  of  the  upper  and  lower  extremities 
occurred  at  the  same  time.  The  temperature  of  the  limbs  rose 
considerably,  and  the  motive  power  of  the  extremities  was  simul- 
taneously increased.  After  twelve  apphcations  the  patient  had 
so  far  recovered  that  he  could  return  to  the  active  exercise  of  his 
profession.  In  this  case  no  peripheral  galvanisation  had  been 
used,  nor  had  any  medicine  been  given. 

The  same  physician  has  treated  a  youth,  aged  18,  who 
perceived,  after  lifting  a  heavy  weight,  a  sensation  of  heaviness 
and  stiffness  in  the  arms,  which  increased  chiefly  in  the  right 
side,  and  prevented  him  from  writing.  ^Neuralgic  pains  occurred 
in  the  sphere  of  the  median  and  ulnar  nerve.  Peripheral  gal- 
vanisation was  resorted  to  for  six  weeks ;  but  as  the  symptoms 
were  rather  aggravated  than  otherwise,  the  patient  was  taken  to 
Dr.  Drissen,  who  applied  the  positive  pole  to  the  left  superior 
cervical  ganglion,  and  the  negative  to  the  right  transverse 
processes  of  the  second  to  sixth  dorsal  vertebra.  The  right  arm 
felt  warm  after  the  first  apphcation ;  the  second  produced  strong 
contractions  in  the  biceps  ;  and  the  third  in  the  deltoid.  After 
this  treatment  had  been  continued  for  two  months,  the  patient 
was  perfectly  well. 
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Meyer  *  has  seen  good  results  in  a  similar  case  : — 

A  butler,  aged  46,  liad  for  some  years  past  suffered  from  occa- 
sional spasmodic  sensations  in  the  throat,  which  rendered  de- 
glutition impossible ;  sensations  of  numbness  and  tightness  in 
the  legs,  the  spine,  and  the  chest  were  also  complained  of; 
sometimes  there  was  general  tremor  and  convulsive  movements 
of  the  heels,  knees,  and  the  neck.  Standing  gradually  became 
difficult  and  walking  imiDOSsible.  The  right  side  of  the  neck  was 
much  swollen,  hard,  and  extremely  sensitive,  especially  on  a 
point  corresponding  to  the  superior  cervical  ganglion.  Meyer 
thought  that  the  tumour,  by  pressing  on  the  cervical  sympathetic, 
caused  all  these  symptoms,  and  therefore  resorted  to  galvani- 
sation of  the  same.  No  other  treatment  was  used.  Within  six 
months  the  patient  had  so  far  recovered  that  he  could  walk 
several  miles  at  a  time.  He  was  under  treatment  altogether  for 
about  eighteen  months,  the  galvanism  having  been  applied  270 
times.     In  1867  he  was  perfectly  well. 

3.  Hysterical  Paralysis. — This  form  of  paralysis,  which 
occurs  generally  in  consequence  of  mental  shock  and  painful 
emotions,  in  girls  and  women  whose  sensibility  is  unusually 
acute,  may  attack  a  few  muscles  only,  or  an  entire  limb,  or  the 
whole  body.  It  is  brought  on  either  suddenly,  or  creeps  on 
gradually  and  unawares.  It  frequently  assumes  the  form  of 
paraplegia,  the  recti  of  the  thighs  being  most  affected,  but 
hysterical  hemiplegia  is  by  no  means  uncommon.  Hysterical 
paralysis  is  altogether  a  functional  disorder,  and  in  no  way 
connected  with  structural  lesions  in  the  nervous  centres,  the 
peripheral  nerves,  or  the  muscles.  It  is  seldom  the  only 
symptom  of  hysteria  in  a  patient,  but  is  generally  accom- 
panied by  globus,  hysterical  pains,  anassthesia  of  the  skin, 
muscles  and  bones,  spasms,  and  disordered  menstruation. 
The  course  and  termination  of  hysterical  paralysis  are  some- 
times whimsical.  Some  cases  get  well  in  an  almost  incredibly 
short  time,  without  any  treatment,  and  sometimes  make  the 

1  Loc.  cit.  p.  340. 
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fortune  of  charlatans,  while  others  resist  for  years  a  variety 
of  energetic  therapeutical  efforts.  On  the  whole,  galvanisa- 
tion of  the  spinal  cord,  producing  anelectrotonus  where 
there  is  a  high  degree  of  excitability,  and  catelectrotonus 
where  there  is  depression,  is  the  best  treatment ;  but  where 
no  apparatus  furnishing  a  continuous  current  can  be  pro- 
cured, faradisation  of  the  skin  of  the  paralysed  limbs  by  fine 
wire-brushes  should  be  resorted  to.  Faradisation  of  the 
paralysed  muscles  by  moistened  conductors  has  usually  only 
little  effect,  as  it  is  chiefly  upon  sensibility,  and  not  so  much 
on  contractility,  that  we  have  to  act  in  this  condition.  Some 
cases  are  cured  by  the  use  of  faradisation  and  galvanisation 
alternately. 

Case  21. — A  girl,  aged  19,  living  at  Kilburn,  became  an  out- 
patient at  the  Samaritan  Free  Hospital  in  September  1864  and 
was  sent  to  me  by  Dr.  Savage,  She  had  always  been  in  in- 
different health,  and  during  the  last  three  years  had  gradually 
lost  the  power  over  her  arms  and  legs,  to  such  an  extent  that 
she  was  scarcely  able  to  walk  even  when  supported,  and  entirely 
incapacitated  fcom  doing  any  work  whatever.  The  cause  of  the 
affection  was  said  to  be  due  to  '  some  trouble '  she  had  had.  She 
first  menstruated  at  15  years  of  age,  but  was  always  irreo-ular 
the  discharge  being  very  pale  and  scanty.  Sixteen  months  aoxD 
the  catamenia  ceased  altogether,  and  from  that  time  she  became 
nearly  idiotic.  She  was  very  listless  when  I  first  saw  her,  had  a 
vacant  look,  and  considerable  dilatation  of  both  pupils,  more 
especially  of  the  left  one.  The  left  iris  was  scarcely  at  all 
influenced  even  by  strong  light.  The  voice  was  almost  entirely 
gone  ;  she  could  only  speak  in  a  faint  whisper.  She  was  fre- 
quently troubled  by  pain  in  the  head  and  the  back.  Her  hands 
and  feet  were  always  quite  cold.  She  complained  of  sickness  in 
the  morning,  total  want  of  appetite,  and  constipated  bowels. 
She  was  always  worse  after  emotions,  and  had  frequently  had 
hysterical  fits.  The  muscles  were  very  badly  nourished,  but 
contracted  tolerably  well  under  the  influence  of  the  electro- 
mag-netic  current.  There  was  aneesthesia  of  the  whole  left 
side,  including  the  conjunctiva.  On  the  right  side  the  loss  of 
sensation  was  not  so  marked  as  on  the  left ;  but  the  prick  of  a 
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pin  was  only  felt  as  if  it  -were  a  touch  by  some  blunt  instrument. 
I  applied  an  inyerse  current  of  from  forty  to  fifty  cells  to  tte  spine, 
continuatively,  twice  a  week.  After  six  weeks  tlie  patient  was 
so  much,  improved  that  she  could  walk  three  miles  at  a  time 
without  support ;  she  could  dress  and  feed  herself ;  was  able  to 
do  heavy  work  about  the  house,  and  had  always  warm  hands 
and  feet.  The  voice  had  returned,  the  bowels  acted  regularly, 
and  she  was  cheerful,  and  took  an  interest  in  everything  relating 
to  her  affairs.  The  pupils  also  gradually  recovered  their  normal 
size  ;  and  the  catamenia  re-appeared  on  December  27,  and  con- 
tinued from  that  time  at  regular  intervals.  The  patient  has 
several  times  called  upon  me  within  the  last  two  or  three  years, 
and  informed  me  that  she  has  continued  in  perfect  health  ever 
since. 

Case  22. — A  lady,  aged  30,  unraarried,  was  said  to  have  suf- 
fered from  congestion  of  the  spine  eighteen  months  before  she 
•Came  under  my  care  (May  1868).  She  had  not  been  able  to 
move  from  her  bed  or  sofa  since  then,  and  had  lost  flesh  to  a 
great  extent.  When  she  endeavoured  to  sit  up  or  walk,  she  felt 
so  sick  that  she  was  obliged  to  lie  down  again.  There  was  a 
sensation  of  numbness  in  both  lower  extremities,  and  in  the  back 
from  the  sixth  dorsal  vertebra  downwards,  but  no  complete  anaes- 
thesia. Both  legs  were  habitually  cold  ;  the  appetite  was  excel- 
lent, but  the  bowels  habitually  confined,  and  the  catamenia  rather 
too  abundant.  The  cause  of  the  affection  was  a  series  of  great 
mental  emotions  the  patient  had  undergone.  Faradisation  and 
galvanisation  were  alternately  used  with  the  effect  that  after  six 
weeks'  treatment  she  could  walk  half  a  mile,  without  feeling  sick 
or  tired.  The  treatment  was  continued  in  the  country,  and  when 
I  last  heard  of  her  (April  1869)  she  was  again  quite  strong  and 
weU. 

Case  23. — Hysterical  Paralysis,  Neuralgia,  and  Loss  of 

Voice. 

M.  K.,  aged  40,  a  needlewoman,  of  feeble  constitution,  had  for 
a  long  time  suffered  from  neuralgia  in  the  right  arm,  and  also 
from  want  of  power  in  the  muscles,  so  that  she  was  unable  to 
work.  The  cause  of  the  affection  was  trouble  and  anxiety.  She 
became  an  out-patient  at  the  Samaritan  Free  Hospital,  under  the 
•care  of  Dr.  Henry  G-.  Wright,  who  sent  her  to  me.     After  four 
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operations,  in  wMcIi  I  faradised  the  weakened  muscles  and  the 
skin,  she  was  greatly  improved  ;  but  when  she  came  to  me  next 
time,  she  had  lost  her  voice.  I  thereupon  directed  the  faradic 
stimulus  to  the  larynx,  with  the  effect  that  the  voice  returned 
at  once.     By  further  treatment  the  patient  got  quite  well. 

4.  Lead-Palsy. — In  this  disease — which  affects  chiefly 
painters  and  compositors,  but  may  also  be  caused  by  drinking- 
water,  beer  or  wine,  which  has  become  impregnated  with 
lead,  or  by  taking  snuff  which  has  been  packed  in  lead-foil, 
or  by  using  cosmetics  containing  lead,  and  in  various  other 
manners — the  internal  administration  of  iodide  of  potassium 
is  the  best  means  of  removing  the  lead  from  the  system ;  but 
this  alone  is  seldom  sufficient  for  curing  the  palsy,  which  re- 
quires a  special  treatment. 

Lead-palsy  attacks  with  preference  the  upper  extremities. 
M.  Tanquerel  des  Planches  saw,  amongst  113  cases  of  this 
affection,  93  cases  of  palsy  of  the  arms,  14  of  the  lower  ex- 
tremities, and  6  of  general  paralysis.  Certain  sets  of  muscles 
are  more  liable  toit  than  others.  The  extensors  of  the 
right  fore-arm  are  the  first  to  suffer ;  the  wrist  drops  and 
cannot  be  extended  ;  the  power  of  extension  of  the  first  pha- 
langes of  the  fingers  is  also  gone ;  but  the  motion  of  the  two 
last  phalanges  is  not  impaired,  as  the  interossei  scarcely,  if 
ever,  participate  in  the  disease.  The  muscles  waste  away, 
the  back  of  the  fore-arm  appears  hollow,  the  thenar  eminence 
flattened,  and  the  triceps  and  deltoid  thin.  The  electric 
contractility  of  these  muscles  is  either  totally  g-one  or  con- 
siderably diminished  ;  but  sensibility  is  generally  preserved. 

Lead-palsy  is  by  many  observers  believed  to  be  a  spinal  affec- 
tion, but  chemical  analysis  has  not  shown  that  lead  is  chiefly 
attracted  by  the  nervous  centres.  The  rapid  wasting  of  the 
affected  muscles,  and  the  thorough  alterations  of  their 
■electric  excitability,  lead  us  rather  to  assume  that  lead-palsy 
is       peripheral  affection.     Lead,  if  frequently  handled,  is 
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absorbed  by  the  skin,  more  especially  of  the  right  hand,  and  it 
is  probable  that  by  the  astringent  effects  of  the  metal  the 
blood-vessels  of  the  limb  are  so  much  constricted  as  no  longer 
to  afford  sufficient  nourishment  to  the  motor  nerves  and 
muscles. 

The  best  rule  for  treatment  is  that,  where  faradic  contrac- 
tility is  entirely  gone,  the  constant  current  should  be  used, 
producing  catelectrotonus  of  the  suffering  nerves,  and  stimu- 
lation of  the  muscles  by  intermittent  applications,  with 
voltaic  alternatives.  Where  no  constant  battery  can  be  pro- 
cured, faradisation  must  be  resorted  to  ;  but  this  treatment 
is  much  more  tedious  than,  and  not  nearly  so  effective  as,  that 
by  galvanisation.  Where  faradic  excitability  is  only  dimi- 
nished but  not  lost,  faradisation  is  always  useful ;  but  even 
in  such  cases  galvanisation  is  preferable. 

M.  Eulenbnrg  has  related  a  case  in  which  faradic  contractility 
was  completely  lost,  but  galvanic  excitability  preserved  and  even 
increased  ;  and  a  good  therapeutical  result  was  obtained  without 
restoration  of  faradic,  or  diminution  of  galvanic  contractility. 
Eulenbnrg  has,  however,  seen  after  a  galvanic  treatment,  not 
only  recovery  of  voluntary  power,  but  also  of  faradic  contractility. 
In  one  case  he  observed  diplegia  contractions,  not  orJy  with  the 
arrangement  mentioned  by  Remak,  but  also  in  crossed  or  unila- 
teral arrangement  of  the  electrodes,  on  any  part  of  the  trunk, 
with  continuative  or  intermittent  application  of  from  ten  to  twenty 
cells.  These  contractions  appeared  almost  immediately  on  closing 
the  circuit;  where  the  poles  were  crossed  they  were  stronger, 
aud  came  on  more  rapidly  in  the  arm  corresponding  to  the  nega- 
tive pole  ;  but  on  increasing  the  power  of  the  current,  they 
appeared  in  the  other  arm,  and  even  in  the  face,  and  one  or  both 
lower  extremities.  They  commenced  with  movements  of  extension 
and  adduction  of  the  fingers,  elevation  and  adduction  of  the  hand 
and  the  fore-arm,  and  finally  the  whole  arm  was  elevated  and 
adducted  towards  the  thorax.  Where  the  current  acted  con- 
tinuatively,  these  movements  partook  rather  of  the  character  of 
a  gradually  increasing  tetanic  contraction  ;  while,  if  it  was  inter- 
mittent, the  contractions  were  jerking  and  convulsive. 
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Dr.  Walter  Gf.  Smith^  has  recorded  the  following  case  : — 

In  May  1866  a  robust  man  (WiUiam  S.),  aged  56,  was 
taken  into  Sir  P.  Dun's  Hospital.  For  the  last  forty  years 
he  had  been  engaged  in  painting,  papering,  or  colour-grinding, 
and  had  had  colic  twice  before  his  present  illness,  which 
dates  back  nearly  two  months.  Both  arms,  and  especially  the 
right,  were  partially  paralysed,  but  there  was  not  complete  drop- 
wrist,  and  no  turning  in  of  the  hand.  On  May  12  Dr.  Smith 
commenced  faradisation,  and  readily  obtained  contractions 
without  causing  pain.  Very  soon  improvement  was  perceptible, 
and  the  atrophied  muscles  of  the  right  thumb  resumed  their 
normal  bulk  and  firmness,  and  his  writing  became  legible.  This 
progTessive  improvement  continued,  and  in  about  three  weeks  he 
left  hospital  by  his  own  wish,  having  nearly  recovered  the  full  use 
of  his  hands.  He  was  cautioned  against  resuming  work  too  soon, 
but  was  obliged  to  do  so,  and  in  October  1867  he  applied  for 
admission  into  the  Adelaide  Hospital.  A' fortnight  after  leaving 
Sir  P.  Dun's  Hospital  he  had  resumed  work  as  usual,  and  im- 
proved steadily  while  so  engaged,  till  about  three  weeks  ago 
he  began  to  suffer  from  pain  and  tenderness  along  the  tibige,  and 
his  general  health  declined.  Soon  the  ring  and  little  fingers 
of  the  right  hand  lost  their  strength,  and  within  the  last  week 
the  debihty  and  muscular  wasting  had  rapidly  increased. 
Tremors  in  the  muscles  of  the  legs  had  come  on,  and  spasmodic 
startings  were  observable  in  the  lips,  eyebrows,  &c.,  while  the 
muscles  generally  were  easily  excited  to  reflex  action.  No  colicky 
symptoms  were  present.  A  moderately  tight  Hgature  applied  on 
either  thigh  completely  checked  the  tremulous  movements  in  that 
limb,  and  on  tickling  the  skin  of  the  leg  no  reflex  movements 
occurred  in  it,  but  powerful  ones  in  the  opposite  lower  extremity. 

Muscular  faradisation  was  commenced  on  November  13,  and 
regularly  continued.  The  atrophied  muscles  soon  showed  evi- 
dence of  increased  nutrition,  and  in  one  month  he  left  the 
hospital,  having  nearly  regained  the  full  use  of  his  fingers. 

Dr.  Anstie^  has  successfully  treated  a  case  of  lead-palsy,  in 
which  almost  the  whole  of  the  muscles  of  the  right  hand, 
fore-arm,  arm  and  shoulder,  were  wasted  to  an  extreme  degree. 

'  Dublin  Quarterly  Journal  of  Medical  Science,  August  1869. 
'^  Transactions  of  the  Clinical  Society  of  London,  vol.  iii.  1870. 
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The  disease  was  confined  to  the  limb,  probably  because  the 
poison  had  been  taken  in  only  through  the  right  hand,  which 
constantly  dabbled  in  the  lead  paints  used  by  the  patient  in 
his  trade.  The  constant  current  was  employed  daily  for  eight 
weeks.  Faradic  excitability  then  returned,  and,  in  another 
month  of  treatment  by  faradisation,  both  the  power  and  the 
bulk  of  the  muscles  were  almost  completely  restored. 

5.  Rhewmatic  Paralysis. — Paralysis  of  certain  muscles  or 
sets  of  muscles  is  not  unfrequently  induced  by  rheumatism. 
The  angler,  the  huntsman,  and  others  who  by  pleasure  or 
necessity  are  much  exposed  to  damp  and  cold,  are  chiefly 
liable  to  this  kind  of  palsy,  which  affects  with  preference 
the  muscles  of  the  lower  extremities,  thus  giving  rise  to  in- 
complete paraplegia,  which  is  frequently  mistaken  for  a 
symptom  of  disease  of  the  spinal  cord.  The  extensor 
muscles  of  the  fore-arm,  which  are  animated  by  the  radial 
nerve,  are  also  often  subjected  to  rheumatic  paralysis.  Next 
in  frequency  ranks  paralysis  of  the  muscles  of  the  eyes, 
the  portio  dura,  and  the  deltoid  and  trapezius.  The  inter- 
ossei  and  lumbrical  muscles  are  also  liable  to  rheumatic 
palsy.  I  have  observed  this  latter  affection  chiefly  in 
young  women  suffering  from  anaemia  and  defective  circu- 
lation. The  first  symptom  is  a  feeling  of  numbness  and 
pain  in  the  fingers,  and  the  movements  become  difficult 
and  troublesome.  On  faradising  the  interossei,  their  excit- 
ability appears  impaired.  In  this  stage  it  is  easy  to 
arrest  the  disease  by  a  short  faradic  treatment ;  but  if 
nothing  be  done  for  it,  the  muscles  may  in  time  become 
atrophied ;  the  interosseous  spaces  then  appear  hollow,  the 
circulation  is  impaired,  the  hand  thin  and  cold,  the  fingers 
can  be  but  slightly  -removed  from  one  another,  and  the  ex- 
tension of  the  two  last  phalanges  is  impossible ;  numbness 
and  stiffness  increase,  and  at  last  the  hand  becomes  quite 
useless. 
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The  invasion  of  rheumatic  paralysis  is  sometimes  sudden, 
in  other  cases  gradual.  It  is  sometimes  the  consequence 
of  rheumatic  fever.  It  may  begin  with  pain  in  a  set  of 
muscles,  whereby  motion  is  rendered  difficult  or  impossible  ; 
and  when  the  pain  is  gone,  the  immobility  still  continues  ; 
in  other  cases  no  pain,  but  only  numbness,  is  complained  of. 
Where  the  invasion  has  been  sudden,  and  pain  is  felt  in  the 
paralysed  muscles,  the  electric  stimulation  of  the  muscles  is 
likewise  painful ;  but  when  the  disease  has  come  on  gra- 
dually, galvanism  and  faradism  excite  very  little  sensation. 

There  is  no  kind  of  paralysis  in  which  the  therapeutical  effects 
of  faradisation  are  so  striking  as  in  rheumatic  paralysis,  in  which 
affection  it  cannot  be  replaced  by  any  purely  medicinal  treatment. 
This  appHes  also  to  protracted'  and  severe  cases  which  have 
resisted  a  variety  of  energetic  therapeutical  measures.  M. 
Guitard  has  related  the  case  of  a  patient  who  had  suffered  for 
three  years  from  rheumatic  paralysis ;  there  was  general  ema- 
ciation and  immobility ;  the  head  dropped  oh  the  chest,  the 
thighs  were  flexed  upon  the  abdomen,  the  legs  upon  the  thighs. 
Faradisation  was  used  for  a  month,  and  after  that  time  the  head 
could  be  held  erect  and  the  legs  be  moved  into  and  out  of  bed. 
The  faradic  treatment  was  then  discontinued  for  some  time, 
whereupon  the  patient  relapsed  into  nearly  his  previous  state  ; 
it  was  then  recommenced,  and  at  the  end  of  six  weeks  an  almost 
total  recovery  had  taken  place. 

I  am  convinced  that  every  case  of  rheumatic  paralysis  can  be 
cured  by  faradisation,  provided  that  the  muscular  tissue  has  not 
yet  been  too  extensively  atrophied,  and  the  treatment  is  not  too 
soon  discontinued.  In  cases  of  muscular  atrophy  resulting  from 
rheumatic  paralysis,  galvanisation  is  likewise  of  great  service. 

Case  24. — Rheumatic  Paralysis  of  the  Fore-arm  and 
Hand. 

Mrs.  G.,  aged  51,  was  sent  to  me  by  Dr.  Hyde  Salter,  in  Jan. 
1862.  Three  months  before,  she  had  suffered  from  a  severe 
attack  of  rheumatic  fever,  nearly  all  the  joints  having  been  af- 
fected. As  soon  as  she  was  able  to  move  about  again,  she  went 
into  the  country,  where  her  general  health  much  improved.     Her 
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right  arm  and  hand,  however,  remained  painful  and  useless,  and 
she  was  therefore  advised  to  try  faradisation.  On  examining 
the  fore-arm  and  the  hand  with  the  gesthesiometer,  I  found  that 
the  sense  of  touch  was  considerably  impaired.  The  muscles 
were  wasted,  more  especially  the  flexors  and  the  interossei 
and  lumbricals  ;  and  on  applying  the  faradic  current  to  these 
muscles  individually,  it  appeared  that  their  sensibility,  as 
well  as  their  contractile  power,  were  very  nearly  gone.  The 
hand  had  lQ#t  its  natural  shape,  and  resembled  a  .bird's  claw — 
a  configuration  of  the  hand  which  is  always  associated  with 
loss  of  power  in  the  interossei  and  lumbrical  muscles, 
and  renders  it  entirely  useless.  The  pain  was  greatest  at  night, 
and  chiefly  felt  in  the  fingers.  The  general  health  of  the 
patient  was  tolerably  good,  but  she  was  very  thin,  and  suffered 
greatly  from  despondency.  I  used  faradisatian  of  the  skin 
for  the  cure  of  the  pain,  and  of  the '  suffering  muscles  for  re- 
storing them  to  their  normal  nutrition  and  function.  After  two 
operations  the  motor  power  of  the  fingers  was  much  increased  : 
the  muscles  responded  more  readily  to  the  faradic  stimulus,  and 
the  festhesiometer  showed  an  improvement  in  the  sense  of  touch. 
The  pain,  although  not  entirely  gone,  was  much  diminished.  After 
a  fortnight's  treatment,  the  patient  attending  every  other  day, 
she  was  able  to  cut  her  own  meat  and  to  do  some  housework, 
and  in  a  month  she  could  do  needlework  for  three  hours  con- 
secutively without  feeling  pain  or  fatigue.  There  was  then  no 
longer  any  difference  in  the  sense  of  touch  in  the  right  and  left 
arm,  the  bulk  of  the  muscles  was  much  increased,  and  the  hand 
had  resumed  its  normal  shape.  This  result  was  all  the  more 
satisfactory,  as  the  age  and  general  weakness  of  the  patient  were 
not  in  favour  of  a  rapid  cure. 

Case  25. — An  unmarried  lady,  aged  28,  consulted  me  on 
March  11,  1873,  for  loss  of  power  in  the  left  arm,  which  had 
come  on  quite  suddenly  four  months  ago,  after  she  had  slept  in 
a  damp  bed.  There  was  at  first  a  good  deal  of  pain  in  the  arm, 
but  lately  the  pain  had  left  her  and  given  place  to  a  feeling  of 
stiffness,  which  was  combined  with  a  knotted  condition  of  the 
skin  and  cellular  tissue  and  wasting  of  the  muscles.  The  muscles 
chiefly  affected  were  the  trapezius,  serratus,  deltoid,  and  a  number 
of  muscles  animated  by  the  radial  nerve.  The  flexors  of  the 
fingers  did  not  suffer,  for  the  patient  could  use  her  hand  for 
taking  hold  of  things,  but  she  could  not  move  the  arm  either  at  a 
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rlgM  angle  to  the  body,  or  backwards,  or  upwards,  nor  could  sbe 
place  tbe  hand  on  the  opposite  shoulder,  which  showed  paralysis 
of  the  pectorahs  major.  Both  faradic  and  galvanic  excitability 
were  diminished.  Catelectro tonus  was  produced  in  the  suffering 
nerves  and  muscles,  combined  with  intermittent  stimulation  and 
voltaic  alternatives.  Under  the  influence  of  catelectrotonus  the 
patient  was  able,  almost  immediately  after  the  current  had  begun 
to  act,  to  move  her  arm  better  in  all  directions.  She  gradually 
recovered  the  power  of  the  arm,  by  fourteen  applications  of  the 
current,  and  went  to  the  country  on  April  1.  The  arm  then  felt 
still  rather  stiff,  and  it  required  an  effort  to  make  certain  move- 
ments ;  yet  she  could  do  everything  with  it  that  she  wanted.  A 
few  more  applications  would  probably  have  entirely  restored  the 
flexibility  of  the  limb. 

6.  Reflex  Paralysis. — The  existence  of  this  particular  form 
of  paralysis  has  recently  been  questioned  by  many  of  the  best 
observers,  and  there  can  be  no  doubt  that  many  cases  which 
were  formerly  claimed  as  such  of  reflex,  sympathetic,  or 
neurolytic  paralysis  are  really  owing  to  structural  disease 
of  the  spinal  cord,  which  may  escape  examination  by  the 
naked  eye,  but  is  revealed  by  microscopical  and  chemical 
investigation.  The  majority  of  cases  of  reflex  paralysis  were 
such  as  paraplegia  connected  with  disease  of  the  kidneys, 
bladder,  prostate  and  urethra,  and  the  womb  and  ovaries. 
The  remote  organs  were  believed  to  transmit  their  irritation 
to  the  cord,  and  thence  to  the  motor  nerves  of  the  lower  ex- 
tremities, thus  causing  paraplegia ;  but  the  latter  was  in 
reality  a  sign  of  disease  of  the  cord  itself.  Sir  William  G-uU 
has  described  cases  where  so-called  reflex  paraplegia  followed 
upon  gleet,  stricture  of  the  urethra,  cystitis  and  nephritis,  and 
where  the  post-mortem  examination  showed  that  there  was 
likewise  acute  meningitis,  softening  and  atrophy,  or  fatty 
degeneration  of  the  anterior  columns  of  the  cord.  Never- 
theless, we  believe,  after  duly  weighing  everything  that  has 
been  said  against  reflex  paralysis,  that  there  will  still  be 
found  cases  which  we  may  fairly  claim  as  belonging  to  this 
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class.  We  find  the  physiological  basis  for  this  view  in  the  facts 
which  have  lately  been  discovered  concerning  the  inhibitory 
system  of  nerves.  The  experiments  of  Setschenow,  Groltz, 
Lowig,  and  others — into  which  space  forbids  us  to  enter — ■ 
have  shown  that  we  may  temporarily  suppress  the  function 
of  the  cord  by  producing  intense  irritation  of  certain  peri- 
pheral nerves.  In  rabbits,  in  which  the  kidneys,  womb,  or 
intestinal  mucous  membrane  is  squeezed,  sudden  paralysis  of 
the  hind  legs  comes  on,  with  abolished  reflex  excitability  ;  and 
as  soon  as  the  squeeze  is  relaxed,  the  paralysis  disappears. 
With  regard  to  pathology,  we  find  cases  on  record  where  the 
sudden  recovery  of  function  after  the  removal  of  peripheral 
irritation  leaves  no  doubt  about  the  nature  of  the  disease. 
Landry  has  described  a  case  of  paraplegia  from  flexion  of  the 
womb  ;  when  the  flexion  was  remedied,  the  palsy  disappeared. 
Again,  Eosenthal  has  seen  a  case  of  paresis  of  both  lower  ex- 
tremities, which  disappeared  on  a  needle  being  extracted  from 
the  vagina. 

Where  we  have  reason  to  suppose  a  case  to  be  one  of  reflex 
paralysis,  and  where,  after  duly  removing  any  irritation  which 
may  in  our  opinion  inhibit  the  function  of  motion,  yet  the 
paralysis  remains,  faradisation  or  galvanisation  are  by  far 
the  best  therapeutical  measures  to  be  used.  Again,  in  some 
cases,  faradisation  or  galvanisation  may  remove  the  irritation, 
and  thus  exercise  a  curative  action.  These  propositions  will 
be  best  understood  if  illustrated  by  a  few  cases. 

Case  26. — Mrs.  D.,  aged  42,  pricked  the  fore-finger  of  her  left 
hand  with  a  needle.  This  induced  considerable  pain,  of  which 
she  did  not  at  first  take  much  notice ;  but  as  the  finger  soon 
became  much  inflamed,  she  applied  for  medical  advice.  Not- 
withstanding the  treatment  she  underwent,  the  inflammation  in- 
creased, gangrene  ensued,  and  at  last  amputation  of  the  finger 
became  necessary.  This  operation  was  performed  by  Mr.  Spencer 
Wells  on  December  23,  1858.  Three  months  elapsed  before  the 
stump  was  healed,  as  at  first  the  pus  was  of  a  very  bad  character  ; 
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and  tlie  secretion  only  improved   after  repeated   cauterisations 
with    nitrate  of  silver.     When   the   cicatrix  had   at   last   been 
formed,  it  appeared  that  the  patient  had  entirely  lost  the  use  of 
her  hand,  and  Mr.  Wells  then  sent  her  to  me.     When  I  first  saw 
her,  the  fingers  were  extended  and  quite  stifi" ;  flexion  and  lateral 
movements  were  impossible.     The  fore-arm  could  only  with  diffi- 
culty be  bent,  and  every  movement  of  it  was  painful.    Numbness 
was  felt  in  all  the  fingers,  and  pain  in  the  elbow  was  complained  of. 
The  stump,  which  had  a  livid  colour,  was  extremely  sensitive, 
and  at  the   slightest   touch    of  it   the   patient   almost   fainted 
Besides  tbis,  she  had   that  peculiar  symptom   which   is  by  no 
means  rare  in  persons  who  have  undergone  an  amputation  ;  that 
is,  she  felt  pain  in  the  removed  part,  which  increased  towards 
evening.     Otherwise  she  was  in  fair  health,  with  the  exception, 
however,  that  she  had  three  years  before,  after  a  difB.cult  labour, 
lost  the  catamenia,  and,  in  consequence  of  this,  she  suffered  from 
headache  for  a  few  days  every  month.     I  directed   a  primary 
faradic  current  to  the  left  arm,  the  positive  pole  being  alternately 
applied  to  the  trunks  of  the  median  and  ulnar  nerves.     Intra- 
muscular faradisation  of  the  interossei  and  lumbricals  was  also 
performed.     Immediately  after  the  first  application,  the  patient 
was  able  to  bend  the  second  and  third  phalanges  of  the  fingers  ; 
and  after  three  more  applications  she  was  no  longer  troubled 
with  j)ain  in  the  removed  finger.     After  the  ninth  operation,  the 
catamenia  reappeared.     The  restoration  of  the  mobility  of  the 
first  phalanges  of  the  fingers  required  a  somewhat  longer  treat- 
ment, as  in  them  the  afiection  was  very  obstinate  ;  but  after  some 
weeks  tbis  was  also  attained.     At  the  same  time  the  stump  had 
assumed  a  much  healthier  colour ;  it  was  firmer,  and  not  so  sen- 
sitive to  touch  as  before.     The  catamenia  continued  afterwards 
at  regular  intervals. 

Case  27. — M.  W.,  a  married  woman,  aged  40,  suffered  a  fracture 
of  the  lower  end  of  the  radius  of  the  right  arm,  in  consequence 
of  a  fall.  She  became  an  out-patient  at  the  Middlesex  Hospital, 
where  a  bandage  was  applied  ;  but  by  the  carelessness  of  the 
patient  this  got  out  of  order,  and  the  bone  healed  crookedly  in 
consequence.  It  was  then  again  fractured  by  a  surgeon,  and 
put  straight ;  but  the  cure  was  now  protracted  over  ten  months  ; 
and  when  the  bone  was  at  last  healed,  the  arm  remained  painful 
and  entirely  useless.  She  became  some  time  afterwards  an  out- 
patient at  the  Samaritan  Free  Hospital,  and  was  sent  to  xne  by 
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Dr.  HeBry  G.  "Wright.  Faradisation  of  the  median  and  ulnar 
nerves  was  twice  performed,  when  the  pain  was  entirely  gone, 
and  the  arm  could  be  used  as  before. 

Case  28. — A  gentleman,  aged  46,  when  on  a  shooting  excur- 
sion, in  October  1867,  accidentally  shot  the  thumb  of  his  right 
hand  off  at  the  metacarpal  joint.  The  wound  took  nearly  six 
weeks  to  heal,  and  it  was  then  found  that  the  hand  was  com- 
pletely paralysed.  Strychnia  and  stimulating  embrocations  were 
used,  but  without  any  effect ;  and  the  hand  was  totally  useless 
when  the  patient  consulted  me  in  April  1868.  One  application 
of  the  continuous  current  restored  the  mobility  of  the  hand  ; 
but  as  it  was  still  weaker  than  the  left,  the  current  was  applied 
three  times  more,  after  which  the  hand  was  as  useful  as  it  could 
be  minus  a  thumb. 

Case  29. — A  young  lady,  aged  15,  of  scrofulous  habits,  suffered 
from  an  abscess  on  the  right  side  of  the  neck,  which  had  to  be 
opened,  and  was  rather  slow  to  heal.  When  the  wound  was 
quite  closed,  it  was  foimd  that  there  was  complete  loss  of  power  in 
the  left  trapezius  and  other  muscles  which  execute  the  lateral 
movement  of  the  head,  so  that  the  patient  was  unable  to  turn 
the  head  to  the  left  side,  while  she  could  turn  it  to  the  right.  I 
was  consulted  some  time  afterwards  (July  1869),  and  applied 
the  continuous  current  intermittently  to  the  suffering  muscles. 
After  the  current  had  acted  for  about  ten  seconds,  I  desired  the 
patient  to  make  an  effort  to  move  her  head  to  the  left,  when  it 
was  found  that  she  could  do  it,  although  not  easily.  A  few  more 
applications  corapletely  restored  the  power  to  the  muscles  which 
had  been  paralysed, 

7.  Peripheral  Paralysis  from  Injury  to  the  Nerves 
[Traumatic  Paralysis). — The  pathology  of  these  affections 
has  already  been  discussed.  They  occur  chiefly  in  conse- 
quence of  accidents,  gunshot  wounds,  or  from  pressure  by 
tumoui's  or  effusions.  The  degree  of  functional  disturbance 
is  directly  proportional  to  the  extent  of  the  lesion.  Where 
a  nerve  has  been  actually  destroyed,  the  properties  of  the 
muscles  animated  by  it  are  totally  lost ;  but  where  the  con- 
tinuity of  the  nervous  fibres  has  only  been  more  or  less 
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damaged,  the  muscles  are  weakened,  and  their  sensibility 
and  excitability  to  the  faradic  stimulus  diminished. 

On  the  whole,  it  cannot  be  said  that  the  results  of  treat- 
ment in  cases  of  this  kind  are  very  brilliant.  We  have  seen 
that  the  conductivity  of  the  paralysed  nerves  does  not  re- 
appear before  at  least  two  or  three  months  have  elapsed  after 
the  occurrence  of  the  injury,  and  that  four,  six,  or  even  more 
months  are  necessary  for  recovery.  "Whether  an  electric 
treatment  has  much  influence  in  expediting  this  regeneration 
has  not  yet  been  ascertained.  Of  course,  where  faradisation 
or  galvanisation  are  employed  shortly  before  the  conductivity 
may  be  expected  to  become  re-established,  the  results  will 
apparently  be  excellent ;  but  where  the  treatment  was  com- 
menced in  the  beginning,  the  effect  has  generally  not  been 
so  satisfactory.  Nevertheless,  electricity  is  the  most  rational 
remedy  we  possess  for  peripheral  palsy.  Erb  believes  that 
the  constant  current,  by  its  catalytic  effects,  assists  in  remov- 
ing the  effusions  of  blood  and  serum  which  have  taken  place 
at  the  seat  of  the  injury  ;  and  is  supported  in  this  statement 
by  M.  Cheron.i  Dr.  Mitchell,  ^  of  Philadelphia,  who  has 
probably  the  largest  experience  in  cases  of  peripheral  palsy 
from  gunshot  wounds,  has  come  to  the  conclusion  that  it  is 
best  in  all  cases  to  apply  electricity  at  the  earliest  date  at 
which. the  healing  of  the  wound  allows  of  its  use,  and  com- 
bines with  them  daily  shampooing  and  alternate  hot  and  cold 
douches.  He  believes  that  electricity  sustains  nutritive 
action,  and  that  a  larger  supply  of  blood  is  given  to  the 
inert  tissues  than  would  enter  them  if  they  were  not  inces- 
santly stimulated  and  subjected  to  those  alterations  of  temper- 
ature, rest,  and  motion  which  belong  to  the  normal  state  of 
limbs.  When  once  the  nerve  is  repaired,  it  finds  the  muscles 
in  a  far  better  condition  to  profit  by  it  than  could  otherwise 

'  Journal  des  Connaissances  medico-chirurgicales,  1871,  pp-  19-21. 
Injuries  of  Nerves  and  their  Conse(juences.     Philadelphia,  1872,  p.  246. 
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have  been  the  case.  He  recommends  to  apply  electricity  on 
alternate  days,  from  fifteen  to  thirty  minutes  each  time ;  and 
as  far  as  the  form  of  electricity  is  concerned,  to  prefer  the 
one  which  acts  best  on  the  muscles.  In  peripheral,  there- 
fore, as  well  as  in  infantile  paralysis,  the  constant  current 
will  generally  be  the  best ;  it  is,  however,  according  to  Dr. 
Mitchell,  very  largely  a  question  of  time  and  patience, 
for  muscles  which  seemi  only  capable  of  response  to  gal- 
vanism, will  more  slowly  but  surely  amend  under  the  use 
of  faradism.  It  is  advisable  to  lessen  the  power  as  the 
muscles  regain  their  excitability.  If  the  muscle  fails  to 
reply  either  to  galvanism  or  faradism  after  three  or  four 
sittings,  the  case  is  a  bad  one ;  where  a  response  to 
galvanism  is  obtained,  we  may  be  allowed  to  hope  for  a 
cure,  but  there  is  not  always  a  certainty  of  it.  It  also 
happens  that  in  certain  muscles  which  for  a  long  time  fail  to 
respond  at  all  to  electricity,  the  persistent  use  of  it  neverthe- 
less in  time  restores  functional  health.  An  increase  in  the 
bulk  and  warmth  of  the  limb  often  precedes  the  return  of 
electric  excitability,  and  may  lead  us  to  a  hopeful  continu- 
ance of  the  treatment.  In  many  cases  it  is  advisable  to 
interrupt  the  electric  treatment  for  a  month,  after  it  has 
been  continued  for  two  or  three  months.  If  neuralgia 
should  come  on  during  the  treatment,  it  is  also  better  to 
discontinue  it  for  a  time,  although  the  occurrence  of  neu- 
ralgia is  no  unfavourable  sign. 

Case  30. — A  porter,  aged  32,  suffered  compound  fracture  of 
the  right  arm  and  other  injuries  from  being  run  over  by  a  van, 
in  December  1860.  After  three  months  the  fracture  was  healed, 
but  the  arm  remained  useless.  He  came  to  me  in  May  1861, 
when  I  found  complete  anassthesia,  paralysis,  atrophy,  and  loss 
of  faradic  contractiKty  of  the  muscles,  from  the  acromion  down- 
wards. I  recommended  him  to  do  nothing  for  three  months,  and 
then  to  present  himself  again.  This  he  did  in  the  October  fol- 
lowing, when  he  appeared  to  be  much  in  the  same  condition  as 
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when  I  first  saw  him.  I  then  commenced  the  faradic  treatment, 
and  after  four  months  he  had  to  a  great  extent  recovered  the  use 
of  the  arm,  although  it  was  still  a  good  deal  weaker  than  pre- 
vious to  the  accident. 

Case  31. — An  unmarried  lady,  aged  30,  of  delicate  constitution 
and  sedentary  habits,  was  sent  to  me  by  Dr.  Thorowgood  in  June 
1868.     She  had  had  a  railway  accident,  near  Basle,  in  Switzerland, 
in  September  1867,  when  the  cari-iage  in  which  she  was  seated 
fell  down  a  steep  bank  and  was  upset.     She  was  stunned  for  a 
time,  but  soon  recovered  herself.     Her  right  collar-bone,  how- 
ever, was  broken,  and  the  skin  and  subjacent  parts  on  the  lower 
half  of  the  right  fore-arm  were  severely  lacerated.     For  a  fort- 
night after  the  accident  she  felt  '  pins  and  needles  '  in  her  arms 
and  legs,  but  had  not  done  so  lately.     The  fracture  of  the  collar- 
bone  healed  in  two  months,    and  the  injury  to  the  soft  parts 
of  the  fore-arm  likewise.     Three  deep  scars  are  seen  on  the  front 
of  the  latter.     There  were  all  the  symptoms  of  certain  branches 
of  the  brachial  plexus  having  considerably  suffered.     Cutaneous 
sensibility  in  the  lower  part  of  the  fore-arm,  the  hand,  and  the 
fingers,  was  diminished  ;  the  third  finger  beings  the  worst  in  this 
respect.     Concerning  the  sense  of  touch,  it  was  found  that  the 
two  points  of  the  ^sthesiometer  were  felt  at  the  proper  distance 
in  the  first,  second,  and  little  finger,  but  not  in  the  third,  where 
only   one   point    was   felt.     Electro-cutaneous    sensibility,    both 
from  faradisation  and  galvanisation,  was  likewise  impaired,  more 
especially   in   the   third   finger.     The   interossei   and   lumbrical 
muscles  of  the  right   hand  were  weak   and  wasted ;  the  intra- 
metacarpal    spaces    being    hollow    and    the   bones    protruding. 
Farado-muscular  contractility  was  much  diminished,  but  nowhere 
completely   lost ;    galvano-muscular  contractility  was  somewhat 
increased.     The  patient  experienced  much  difficulty  in  carving, 
dressing,  writing,  and  buttoning  her  sleeves  and  gloves  ;  but  she 
could  do  all  these  things  with  an  effort.     She  was  able  to  bend 
the  first  phalanges,  but  not  the  second  and  third.     There  was  no 
difference  of  temperature  in  the  two  hands.     The  lower  portion 
of  the  fore-arm  was  emaciated,  there  being  a  difference  of  seven- 
eighths  of  an  inch  between  the  two  arms ;  for,  while  the  left  arm 
measured   fully  seven  inches,  the  right  measured  only  six  and 
one-eighth.     The  general  health  of  the  patient  was  satisfactory. 
I  applied  the  positive  pole  of  twenty  cells  to  the  cicatrices  in  order 
to  promote,  if  possible,  the  regeneration  of  the  nervous  fibres;. 
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and  also  acted  intermittently  on  the  suffering  muscles.  After 
fouj;'  sucli  applications  the  patient  felt  a  good  deal  stronger  in  the 
arm  and  wrist ;  she  could  hold  things  better,  did  not  feel  so  stiff 
in  writing,  and  her  hand  and  arm  did  not  ache  after  writing  as 
they  used  to  do.  She  also  found  carving  and  dressing  easier,  and 
had  succeeded  in  turning  a  key  in  a  lock,  which  she  could  not  do 
before.  After  a  few  more  applications,  the  third  finger,  which 
had  formerly  appeared  as  a  '  dead  log,'  recovered  its  sensibility, 
and  she  felt  the  prick  of  a  pin  and  the  two  points  of  the  compasses 
quite  distinctly.  The  metacarpal  spaces  became  more  filled  up, 
and  when  she  left  town  for  change  of  air,  a  month  after  the 
commencement  of  the  treatment,  the  arm  and  hand  were  much 
more  useful  than  before,  although  not  quite  recovered. 

Cases  of  paralysis  from  continued  pressure,  especially  from 
the  head  resting  on  the  arm,  which  occurs  not  unfrequently 
during  intoxication  by  alcohol,  or  in  patients  who  are  under 
the  influence  of  chloroform,  are  generally  curable  by  fe^radi- 
sation  or  galvanisation. 

Case  32. — A  lady,  aged  23,  had  her  first  confinement  in 
November  1864,  during  which  she  was  for  some  time  under  the 
influence  of  chloroform.  While  in  this  condition  her  head  rested 
heavily  on  the  left  arm,  and  pressed  so  much  on  the  brachial 
plexus  that  a  number  of  muscles,  animated  by  the  latter,  became 
completely  paralysed,  there  being  also  anaesthesia  of  the  left  arm. 
She  was  sent  to  me,  in  January  1865,  by  Sir  James  Paget.  The 
affection  was  most  severe  in  the  ruuscles  of  the  fore-arm,  the 
patient  being  quite  unable  to  lift  the  wrist,  which  was  much 
swollen  and  had  to  be  bound  up  with  a  splint.  As  she  also  com- 
plained of  great  weakness  in  the  other  limbs  and  the  back,  I 
combined  a  cord-current  of  fifty  cells  with  faradisation  of  the  left 
shoulder  and  arm.  After  six  weeks  of  this  treatment,  the  patient 
had  entirely  recovered  the  use  of  the  left  arm,  and  felt  much 
stronger  generally. 

Case  33. — Count  Z.,  aged  63,  had,  about  twenty  years  ago, 
suffered  from  a  rupture  of  the  capsular  ligament  of  the  hip-joint 
in  consequence  of  an  accident,  and  had  never  quite  recovered 
from  the  effects  of  it.     He  complained  of  great  numbness  and 
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stiffness  in  the  right  leg,  the  muscles  of  which  were  not  nearly 
so  well  nourished  as  those  of  the  left,  so  that  he  had  much  diffi- 
culty in  walking.  The  affection  was  evidently  due  to  pressure 
from  effusion  and  extravasation  of  blood.  Sir  James  Clark,  whom 
he  consulted  in  June  1857,  believed  that  faradisation  would  be 
the  best  means  to  restore  him,  and  sent  him  to  me.  The  patient 
was  considerably  improved  by  a  short  treatment,  but  as  he  left 
town  soon  afterwards  to  return  to  Russia,  the  cure  was  not 
complete. 

The  following  case  has  been  treated  successfally  by 
Dr.  Walter  Smith  '  :— 

An  Irish  farmer,  while  driving  in  his  gig  on  Januaiy  5,  1869, 
was  fired  at  in  consequence  of  an  agrarian  dispute  in  which  he 
had  become  involved.  He  was  struck  in  the  left  arm  and  the 
left  side  of  the  chest,  and,  as  the  gun  was  discharged  close  to  him, 
he  would  probably  have  been  mortally  wounded  were  it  not  for 
the  protection  which  three  coats  afforded.  A  considerable  amount 
of  blood  was  lost  at  the  time.  The  marks  of  twelve  cicatrices  of 
different  sizes  were  visible  on  the  inner  and  under  surface  of  the 
left  arm,  above  the  elbow-joint,  some  of  them  very  small,  being 
caused  by  grains  of  shot,  others  larger  and  more  irregular,  caused 
by  slugs.  One  grain  of  shot  remained  imbedded  under  the  skin, 
close  to  the  median  basilic  vein,  having  travelled  from  behind 
forwards,  for  there  was  no  trace  of  wound  anteriorly.  Common 
sensibility  was  impaired  along  the  little  finger  and  ulnar  side  of 
ring  finger,  and  he  could  not  distinguish  between  a  wet  and  a 
dry  object,  nor  take  cognisance  of  the  nature  of  any  substance 
he  touched.  He  was  acutely  sensitive  to  tickling  and  to  the 
sudden  impression  of  a  point,  which  produced  a  feeling  hke  a  foot 
awaking  out  of  '  sleep.' 

The  left  fore-arm  measured  25"5  centim.  (10  in.),  right  26*5, 
(10"5  in.).  A  heated  body  was  not  felt  so  plainly  along  the  track 
of  the  left  ulnar  as  along  the  right  ulnar  nerve.  The  muscles 
of  the  left  wrist  were  weakened,  the  ball  of  the  thumb  flat- 
tened and  flabby,  and  the  fork  of  the  first  finger  atrophied — and, 
indeed,  all  the  interossei  enfeebled.  Faradisation  was  resorted 
to,  and  the  grain  of  shot,  which  lay  under  the  skin  close  to,  and 
probably  touching,  the  internal  cutaneous  nerve,  was  removed. 

*  Dublin  Quarterly  Journal  of  Medical  Science,  August  1870. 
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The  extraction  of  the  shot  gave  him  great  relief,  and  he  was  now- 
able  to  rest  his  arm  on  the  table  with  comfort,  a  position  which 
previously  caused  pain.  The  extensor  muscles  and  interossei 
responded  freely  and  perfectly  to  electric  stimulation,  an  omen 
of  speedy  recovery  ;  but  a  moderate  current,  which  was  acutely 
felt  on  the  sound  arm,  was  not  perceived  on  the  left  arm  at  its 
lower  half.  In  a  few  days,  under  the  use  of  faradisation,  he  felt 
as  '  if  the  life  had  come  back  into  the  arm  ;  '  the  feeling  of  cold 
and  the  numbness  along  the  ulna  disappeared,  and  in  a  short 
time  he  was  perfectly  well. 

Paralysis  of  the  brachial  nerves  may  he  caused  by  the  use 
of  crutches  ;  and  is  only  peculiar  by  its  cause,  as  the  cases 
otherwise  resemble  ordinary  traumatic  paralysis.  In  crutch- 
paralysis  the  radial  nerve  is  chiefly  affected,  being  compressed 
at  a  point  where  it  winds  round  the  humerus,  between  the 
bone  and  the  transverse  part  of  the  crutch.  Dr.  Krafft-Ebing^ 
has  recorded  the  following  case  of  this  kind  : — 

A  French  soldier,  aged  22,  was  shot  in  the  leg  on  Decem- 
ber 18,  1870.  In  the  beginning  of  March  1871  he  commenced 
walking  with  badly-stuflFed  crutches.  Within  the  first  half-hour 
there  was  numbness  in  the  whole  left  arm,  'pins  and  needles,' 
heaviness,  motor  paralysis  of  all  the  muscles,  excepting  the 
deltoid.  He  did  not  pursue  his  walking,  and  used  an  embrocation 
to  the  paralysed  muscles,  which  became  wasted.  In  April  the 
paralysed  arm  was  one  inch  less  than  the  other,  and  the  paralysed 
fore-arm  one  and  a  half  inch  less.  Skin  cyanotic,  temperature 
diminished  ;  '  pins  and  needles  '  in  the  limb.  Only  the  posterior 
surface  of  the  arm  had  preserved  its  sensibility  ;  otherwise  this 
was  entirely  gone,  and  no  reflex  movements  could  be  produced. 
The  deltoid  muscle  was  normal  and  responded  well,  also  the  lum- 
bricales  and  interossei ;  all  other  muscles  were  paralysed.  Gralvanic 
and  faradic  excitability  was  normal.  Galvanisation  and  faradisa- 
tion of  the  nerves  and  muscles  was  daily  used  for  five  minutes 
at  a  time.  After  ten  such  applications  the  median,  and  after 
thirteen  the  ulnar,  nerve  recovered  ;  the  radial  nerve  required 
thirty-four  applications.  After  this  the  patient  was  quite  well. 
Dr.  Bbing  has  seen  four  similar  cases,  which  all  recovered  under 

'  Deutsches  Archiv  etc.     Band  IX,,  1872,  p.  125, 
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the  same  treatment  and  recommends  the  use  of  crutches  well- 
stuffed  with  horsehair  and  india-rubber,  and  also  a  support  for 
the  hand,  which  diminishes  the  pressure  on  the  axilla,  and  allows 
the  occasional  use  of  the  crutch  as  a  stick. 


Case  34. — Neuritis  of  the  Brachial  Plexus. 

D.  D.,  a  girl,  aged  16,  was  admitted  into  the  Infirmary  for 
Epilepsy  and  Paralysis,  under  my  care,  on  July  18,  1870, 
with  paralysis  of  the  right  upper  extremity.  She  had  been  in 
good  health  before  the  present  affection  came  on.  In  April  last 
she  suddenly  began  to  complain  of  pain  and  numbness  in  the 
right  hand  and  arm  ;  the  next  few  days  she  experienced  a  loss  of 
power  in  those  parts ;  the  fingers  appeared  white  and  the  skin 
peeled  off.  The  weakness  of  the  muscles  gradually  became  more 
marked,  and  in  about  ten  days  from  the  commencement  of  the 
affection  she  had  completely  lost  the  use  of  the  whole  arm  and 
shoulder.  She  now  attended  as  an  out-patient  at  the  West 
London  Hospital,  where  she  was  treated  with  bromide  and 
iodide  of  potassium,  nux  vomica,  belladonna,  -  and  later  on  with 
the  syrup  of  iodide  of  iron  and  cod-liver  oil.  For  the  relief  of 
the  pain,  liniments  of  aconite  and  chloroform,  subcutaneous  in- 
jections of  morphine,  chloral,  and  a  blister  to  the  neck,  were  used, 
and  faradisation  was  resorted  to  daily  for  a  month,  in  order  to 
restore  the  lost  power ;  yet  (to  u.se  the  words  of  Dr.  Wiltshire, 
under  whose  care  she  was,  and  who  has  given  me  these  parti- 
culars), '  she  only  got  worse  from  first  to  last ;  '  and  she  was  then 
sent  to  the  Infirmary,  where  she  was  admitted  under  my  care. 

On  examining  the  patient,  I  found  that  there  was  complete 
paralysis  of  motion  and  sensation  of  the  whole  upper  extremity, 
no  voluntary  movements  of  the  hand,  arm,  and  shoulder  being 
possible,  and  no  touch,  pricking,  or  pinching  being  in  the  least 
degree  perceived  by  the  patient.  Faradisation  of  the  skin,  and 
of  the  nerves  and  muscles  of  the  shoulder  and  arm,  likewise  re- 
mained ineffectual ;  but  when  I  applied  a  continuous  current  of 
Daniell's  battery  to  the  arm,  the  patient  exclaimed  that  she 
felt  a  sensation  of  tingling  in  the  arm  and  fingers  ;  and  the 
muscles  responded  to  the  current  by  sluggish,  yet  plainly  per- 
ceptible, contractions.  Any  lesser  galvanic  power  than  sixty 
pairs  of  the  battery  did  not  produce  any  effect,  while  under 
ordinary  circumstances  a  current  of  twenty  cells  causes  not  only 
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decided   sensations   of   heat    and   tingling,   but   also   muscular 
motion. 

In  this  case  I  gave  no  medicine  whatever.  The  patient  had 
been  already  treated  medicinally  by  an  able  physician,  who  had 
used  all  the  remedies  upon  which  we  look  with  most  confidence 
in  the  management  of  such  affections,  yet  the  result  had  been 
absolutely  nil.  On  the  other  hand,  the  general  health  of  the 
patient  was  so  good  that  no  medicines  were  required  on  account 
of  that.  All  that  was  done  was,  therefore,  a  systematic  daily 
application  of  the  continuous  current  to  the  suffering  limb,  for 
about  five  minutes  each  time.  The  result  of  this  treatment  was 
most  satisfactory.  After  four  applications,  sensation  returned  in 
the  paralysed  limb,  so  that  the  patient  was  again  able  to  perceive 
touch,  pricking,  pinching,  &c.,  just  as  well  as  before  the  com- 
mencement of  the  affection.  The  paralysis  of  motion  proved 
more  stubborn ;  but  after  seven  applications  the  girl  was  able  to 
move  her  fingers.  The  treatment  was  continued  for  another 
fortnight,  at  the  end  of  which  the  patient  could  not  only  move 
all  her  fingers,  but  also  flex  and  extend  the  wrist.  I  then 
discharged  her,  as  I  was  anxious  to  see  whether  she  would 
continue  to  improve  on  the  treatment  being  suspended,  or 
whether  she  would  remain  in  the  same  condition.  It  might 
have  been  said  that  a  process  of  natural  cure  had  set  in  ;  that 
the  progress  the  patient  had  made  was  simultaneous  with, 
but  not  owing  to,  the  galvanic  treatment ;  in  fact,  that  the  good 
results  hitherto  obtained  were  not  propter  hoc,  but  post  hoc. 

Six  weeks  after  her  discharge  the  patient  presented  herself 
again  at  the  Infirmary,  and  it  was  then  found  that  she  was  ab- 
solutely in  the  same  condition  as  when  she  had  left  it.  She  had 
not  gone  back  in  the  interval,  but  she  had  made  no  progress 
whatever,  the  arm  and  shoulder  being  just  as  useless  as  before. 
The  supposition  of  a  natural  process  of  cure  could,  therefore,  not 
be  entertained  ;  and  as  the  patient  and  her  parents  were  very 
anxious  that  the  treatment  should  be  resumed,  she  was  re- 
admitted on  September  27.  The  use  of  the  continuous  current 
was  now  recommenced,  with  the  result  that  in  a  very  few  days  a 
further  decided  improvement  took  place  ;  the  patient  soon  be- 
came able  to  move  the  hand,  arm,  and  shoulder  in  all  directions, 
and  to  grasp  things  with  some  force.  She  was,  however,  not 
discharged  until  the  power  of  the  right  arm  was  in  all  respects 
quite  equal  to  what  it  had  been  previous  to  the  commencement 
of  the  affection.     The  recovery  of  power  went  on  steadily  from 
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the  periphery  to  the  centre,  the  fingers  being  the  first  and  the 
shoulder-blade  the  last  to  regain  it.  The  patient  was  sent  home 
on  ^November  28,  perfectly  recovered. 

What  was  the  actual  nature  and  seat  of  the  paralysing 
lesion  in  this  patient  ?  Cerebral  paralysis  is  extremely  rare 
in  persons  of  the  age  of  this  girl ;  it  generally  comes  on 
suddenly,  not  gradually,  as  in  the  present  case,  where  the 
invasion  of  the  complaint  was  protracted  over  ten  days. 
Again,  cerebral  paralysis  almost  always  affects  one  side  of 
the  body,  the  face  and  leg  as  well  as  the  arm ;  while  in 
this  case  the  cerebral  nerves  and  the  lower  extremity  did 
not  at  all  suffer.  Cerebral  paralysis  is  only  very  rarely  accom- 
panied with  complete  anaesthesia,  for  most  patients  suffering 
from  it,  although  they  may  be  completely  deprived  of  the 
power  of  motion,  retain  sensation  in  a  more  or  less  consider- 
able degree.  All  these  circumstances,  taken  collectively, 
spea,k  strongly  against  the  cerebral  origin  of  the  palsy ;  but 
one  more  remains  to  be  mentioned,  which  puts  the  matter 
completely  at  rest,  and  which  is,  that  in  cerebral  paralysis, 
whatever  may  be  the  extent  of  the  loss  of  power,  the  nerves 
and  muscles  always  retain  their  excitability  to  faradisation. 
There  is  no  exception  to  this  rule,  and  the  absence  of  faradic 
excitability  in  the  present  case  was  quite  sufficient  to  make 
us  reject  the  idea  that  in  this  patient  the  brain  was  the  seat 
of  the  paralysing  lesion. 

"Was  it,  then,  a  case  of  spinal  paralysis  ?  To  this  question 
we  may  also  return  a  negative  answer ;  for  if  there  had  been 
disease  of  the  upper  portion  of  the  spinal  cord  or  its  meninges 
sufficiently  severe  to  cause  total  paralysis  and  anaesthesia  of 
the  whole  upper  extremity,  the  intercostal  muscles,  the  dia- 
phragm, and  the  lower  extremity,  would  have  participated  m 
the  affection.  Another  circumstance,  which  speaks  against  the 
supposition  of  spinal  paralysis,  is  that  in  the  earlier  stages  of 
such  an  affection  the  muscles  do  not  lose  their  excitability  to 
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feiadisatioiL  Xor  could  the  paralysis  in  this  inst^ice  have  been 
dne  to  lead-poisomng.  There  was  no  evideice  to  show  that 
this  girl  had  ever  been  exposed  to  the  influence  of  lead: 
there  was  no  bine  line  on  the  gnms ;  she  had  never  srmered 
'from  colics  or  obstinate  constipation ;  ^id  what  is  e^en  more 
important,  the  general  aspect  of  the  palsv  in  her  case  was 
entixelv  dinerent  nrom  that  which  occms  under  the  influence 
of  lead.  In  lead-palsr  generallj  b«3th  aims  axe  affected,  and 
it  is  almost  exdnsirelT  the  extensor  mnscles  of  the  hand  and 
foreaim  which  suffer,  wbile  the  flexors  either  ^cape  com- 
pletely or  only  become  weakened  to  a  moderate  d^ree. 
^Qienever  lead-palsy  is  severe,  there  is  great  deformity  of 
the  foxe-am.  the  back  of  wMdi  is  hoUowed  by  atrophy  of  the 
extensors,  while  the  wrist  drops.  In  the  present  case,  how- 
ever, althongb  the  paralysis  was  complete,  the  arm  retained 
its  shape  and  plumpness.  There  was  not  one  particular 
set  of  muscles  which  suffered  more  than  another,  but  aU 
the  nrasdes  of  the  whole  extremity  were  indiscriminately 
affected. 

Cases  of  hysterical  paralysis  without  structural  lesions  what- 
ever are  not  rare,  but  the  present  case  "as  not  one  of  them. 
The  2irl  had  never  shown  any  symptoms  of  hysteria.  More- 
over, the  invasion  of  hysterical  palsy  is  quite  different  from 
that  which  was  observed  in  this  case,  as  it  almost  always 
c-om£s  on  qnite  suddenly,  after  a  violent  mental  emotion ; 
while  in  this  ease  the  progress  of  the  loss  of  power  was  pro- 
tracted over  ten  days.  Hysterical  paralysis  almost  always 
affects  either  the  vocal  cords  or  the  local  extremiti^,  giving 
rise  to  aphonia  and  paraplegia.  This  girl,  however,  had 
never  lost  her  voice  nor  been  unable  to  walk-  Moreover,  in 
hysterical  paralysis  the  motor  nerves  and  muscles  retain 
their  excitability  to  feradisation  for  years  after  the  commence- 
rrie:^";  of  the  affection,  while  in  this  case  it  was  lost  within  a 
fe—  — eeks  of  the  beginning  of  it. 
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The  question  might  now  be  asked,  whether  the  case  was 
one  of  nervons  or  mnsctilar  disease.  This  admits  of  a  ready 
answer.  The  met  that  not  onlv  motive  power,  but  also  s«i- 
sation,  was  completely  annihilated,  speaks  snmcientiy  for 
some  part  of  the  nervons  srstem  being  in  fenlt ;  moreover, 
there  is  no  mnscnlar  affection  which  takes  away  motive 
power  without  altering  at  the  same  time  the  balk  of  the  ex- 
tremity. In  the  present  case,  however,  the  bulk  of  z'n^ 
snffering  limb  was  exactlv  the  same  as  that  of  the  healthv 
Hmb. 

The  last  qnestion  we  have  to  c-onsider,  as  fiir  as  iii^n  isis 
is  concerned,  is  whether  the  girl  was  malingering.  It  is  well 
known  that  girls,  especially  at  the  age  of  this  patienr.  irr 
given  to  deceitfol  practices,  in  order  to  excite  wonder  and 
interest,  and  that  they  will  continue  the  deceit  for  montiis 
and  even  years  (e.g.  the  Welsh  festing-girl  >,  But  this  qnestion 
is  likewise  disposed  of  by  the  result  of  the  electrical  exami- 
nation. ^Malingerers  may  have  sufficient  control  over  them- 
selves to  bear  without  flinching  sev^e  pain,  as  produced  by 
pricking,  pinching  or  burning ;  but  it  wuuld  be  absolutely 
impossible  for  them  to  resist  the  influence  of  an  induced 
current  of  high  tension  in  Tpaking  their  muscles  contract. 
This  influence  is  irresistible  where  the  nerves  and  muscles 
are  in  a  healthy  condition,  and  the  question  of  shamming 
may  therefore  be  dismised. 

After  excluding  all  the  various  aSections  which  we  have 
considered,  we  are  led  to  the  result  that  the  disease  must 
have  been  due  to  a  pathological  lesion  of  the  anterior 
branches  of  the  four  lower  cervical  nerves,  which  form  the 
brachial  or  axillaiy  plexus.  This  plexus  imparts  motive  and 
sentient  power  to  the  whole  upper  extiemity ;  it  animates 
the  rhomboid  muscles,  the  serratus  anticus,  the  supra-  and 
infra-spinatus,  the  subscapularis.  the  anterior  portion  of 
the    latisdmus    dorsi,   and    all  the    Sexors   and   extensors, 
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pronators  and  supinators  of  the  arm  and  hand.     Not  one  of 
these  muscles  had  escaped   the   paralysing   influence,  while 
muscles  in  their  immediate  neighbourhood,  which  are  ani- 
mated by  different  sets  of  nerves,  had  remained  in  perfect 
condition.     Thus,  for  instance,  the  trapezius  and  the  sterno- 
cleido-mastoid   muscles  were  in  no  way  impaired,    for  the 
motion  of  the  head  forwards,  backwards,  and  laterally  had 
always  been  quite  easy  ;  nor  did  the  cervical  plexus,  formed 
of  the  anterior  divisions   of  the   four  upper   cervical  nerves, 
suffer ;  for  there  had  never  been  the  least  interference  with 
respiration,  showing  that  the  phrenic  nerve,  which  arises  from 
this  plexus  and  animates  the  diaphragm,  had  escaped  the 
paralysing  influence.     Moreover,  the  skin  of  the  back  of  the 
head,  the  neck,  and  the  ear,  had  never  lost  its  sensibility — a 
circumstance   which  excluded  an  affection  of  the    sentient 
branches  given  off  by  the  cervical  plexus,  which  animates  the 
skin  of  the  parts  just  mentioned.  On  the  other  hand,  the  skin 
of  the  arm,  from  the  acromion  downwards,  was  totally  anaes- 
thetic, while  the  sensation  on  the  shoulder-blade  was  blunt, 
although  not  quite  gone.     That    the   skin  of  the  shoulder- 
blade  should  have  preserved  a  certain  amount  of  sensibility  is 
explained  by  the  circumstance  that  it  receives  sensitive  in- 
fluence, not  only   from  branches   of  the  brachial,  but  also 
from  such  of  the  cervical  plexus  which,  as  we  have  already 
seen,  did  not  participate  in  the  disease. 

It  would  be  difficult  to  determine  in  which  point  of  its 
transit  the  brachial  plexus  was  affected.  When  I  examined 
the  patient,  there  was  no  thickening  or  tenderness  percep- 
tible anywhere  in  its  superficial  course  which  could  have  led 
me  to  fix  upon  the  precise  seat  of  the  pathological  lesion  ;  but 
as  not  one  of  the  motor  or  sentient  branches  of  the  whole 
plexus  had  escaped  the  paralysing  influence,  the  seat  of  the 
disease  must  have  been  at  some  point  of  the  plexus  before  its 
entrance  into  the  axilla. 
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It  now  remains  to  determine  the  nature  of  the  disease 
which  had  affected  the  brachial  plexus.  We  may  at  once 
exclude  injury  to,  and  tumour  pressing  upon,  the  plexus, 
of  neither  of  which  was  there  any  history  or  evidence. 
Inflammations  affecting  the  plexus  may  be  of  syphilitic, 
gouty,  or  rheumatic  character ;  and  as  there  were  no 
symptoms  of  gout  or  syphilis  in  the  patient,  we  are  led  to 
the  conclusion  that  the  case  was  one  oi  rheumatic  neuritis  of 
the  brachial  plexus. 

Whether  such  a  disease,  with  its  sequelas,  may  be  influenced 
by  any  purely  medicinal  treatment,  is  extremely  doubtful. 
The  patient  had,  before  she  came  under  my  care,  been  treated 
for  more  than  two  months  by  a  very  able  physician  with 
those  remedies  which  we  look  upon  with  most  confidence  in 
the  management  of  such  affections ;  yet  there  was  no  im- 
provement whatever.  The  disease,  however,  yielded  readily 
to  a  judicious  application  of  the  constant  current.  Sensation, 
after  having  been  completely  lost  for  about  four  months, 
returned  within  a  few  days  from  the  commencement  of  this 
treatment.  Motion  was  recovered  more  slowly  but  steadily, 
and  in  exact  proportion  as  the  galvanic  treatment  was  con- 
tinued. The  fact  that  no  improvement  whatever  took  place 
during  the  six  weeks  which  the  patient  spent  at  home  be- 
tween the  two  periods  of  her  stay  in  the  hospital,  while  she 
immediately  improved  each  time  the  galvanic  treatment  was 
commenced,  is  sufficient  to  show  that  the  recovery  was  not  due 
to  the  unaided  efforts  of  nature,  but  was  really  owing  to  the 
influence  of  the  particular  plan  of  treatment  which  was 
adopted. 

The  mode  of  action  of  the  constant  current  in  this  case 
was  of  a  complex  nature.  In  the  first  instance,  it  prevented 
granular  disintegration  and  atrophy  of  the  paralysed  muscles, 
by  making  them  contract.  The  induced  current  could  not 
have   done  this,  and  it  is  therefore  a  great  boon  that  we 
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possess  in  the  constant  current  an  agent  which  will,  if  pro- 
perly applied,  cause  muscular  contractions  under  any  circum- 
stances, as  long  as  the  muscles  have  not  utterly  lost  their 
normal  structure. 

This  was,  however,  not  the  only  beneficial  effect  which 
galvanisation  produced  in  the  present  instance.  We  have 
seen  that  by  its  means  sensation  was  within  a  few  days  re- 
stored to  its  normal  condition.  It  is  therefore  evident  that 
the  current  re-established  the  conductivity  of  the  sentient 
fibres  of  the  brachial  plexus,  which  was  completely  lost 
previous  to  its  application.  The  current  did  the  same  thing, 
although  more  slowly,  with  the  motor  branches  of  the  plexus, 
since  the  mere  causation  of  muscular  contractions,  although 
useful  for  preventing  atrophy,  would  never  have  restored  that 
nervous  influence  to  the  muscles  which  enables  them  to 
respond  to  the  orders  of  volition.  It  is  therefore  necessary  to 
assume  that  the  current  removed  the  rheumatic  effusion 
which  pressed  upon  the  plexus,  and  thereby  rendered  it  un- 
able to  fulfil  its  function.  By  effecting  dilatation  of  the 
blood-vessels  of  the  suffering  parts,  the  current  obviously 
enabled  them  to  take  up  and  remove  into  the  general  circu- 
lation pathological  products  which,  by  their  presence,  impeded 
the  conveyance  of  the  nervous  influence  to  the  distal  parts 
of  the  nervous  district. 

Whether  there  was  in  the  present  case  actual  destruction  of 
nervous  matter,  such  as  occurs  through  mechanical  injury  or 
tumours,  and  whether  galvanisation  promoted  or  accelerated 
its  regeneration,  it  would  be  difficult  to  determine.  But, 
looking  at  the  rapidity  with  which  sensation  was  restored,  it 
seems  more  rational  to  assume  that  the  inflammation, 
although  sufficiently  severe  to  cause  entire  loss  of  function, 
had  not  proceeded  to  absolute  destruction  of  the  nervous 
matter,  but  had  caused  effectual  compression  of  the  same, 
which  was  removed  by  the  catalytic  effects  of  the  current 
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setting  free  the  nervous  force  which  had  been  rendered  inac- 
tive through  interrupted  conduction. 

8.  Infantile  paralysis  is  either  owing  to  cerebral  haemor- 
rhage or  to  disease  of  the  antero-lateral  columns  of  the  cord. 
Unfortunately,  most  cases  of  this  kind  are  only  submitted  to 
a  galvanic  treatment  when  muscular  atrophy  has  already 
become  thoroughly  established.  On  examining  the  paralysed 
limbs,  we  generally  find  that  farado-muscular  contractility  is 
much  diminished,  or  even  entirely  lost,  in  all  the  paralysed 
muscles ;  the  muscles  and  bones  are  wasted ;  the  paralysed 
limb  is  shorter  and  thinner  than  the  healthy  one  ;  and  the 
temperature  in  the  former  is  considerably  lower  than  in  the 
latter.  The  sensibility  of  the  skin,  the  muscles,  and  the 
nerve-trunks  is,  however,  not  impaired.  Benedict  has  seen 
a  few  cases  where,  in  the  commencement  of  the  affection,  the 
motor  excitability  to  the  constant  current  was  much  in- 
creased. 

Infantile  paralysis  resists  all  purely  medicinal  treatment, 
and  only  improves  imder  the  long-continued  use  of  faradi- 
sation and  galvanisation.  Dr.  Russell  Reynolds,^  who  has 
written  an  able  paper  on  this  subject,  recommends  the  alter- 
nate use  of  these  two  agents,  and  my  experience  coincides 
with  that  of  Dr.  Reynolds.  I  generally  advise  a  month's 
galvanisation,  then  a  month's  rest,  and  a  month's  faradisa- 
tion, and  so  on.  Grymnastic  exercises,  shampooing,  frictions 
with  stimulating  liniments,  a  meat  diet,  and  the  internal 
administration  of  phosphorus,  may  be  combined  with  elec- 
tricity. 

9.  Labio-glosso-pharyngeal  paralysis  {Duchenne),  or  pro- 
gressive bulbar  paralysis  (Leyden),  is  owing  to  progres- 
sive atrophy  of  the  cells  of  the  nuclei  of  the  nerves  in  the 
rhomboid  fossa,  more  especially  of  the  nucleus  of  the  hypo- 

'  Lancet,  vol.  i.  1868. 
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glossus  at  the  calamus  scriptorius,  and  less  so  of  the  nucleus 
of  the  pneumogastric.  Benedict  is  the  only  observer  of 
repute  who  has  seen  curative  effects  of  galvanisation  in  this 
disease  ;  and  he  ascribes  the  fact  of  other  electro-therapeutists 
not  having  been  equally  successful,  to  the  circumstance  that 
he  was  consulted  at  an  early  stage  of  the  complaint,  when 
the  structural  alterations  which  ultimately  destroy  life  had 
not  yet  been  allowed  to  become  fully  developed.  He  re- 
commends galvanisation  of  the  sympathetic  and  of  the 
mastoid  processes  continuatively,  and  of  the  muscles  of  de- 
glutition intermittently. 

10.  Paralysis  after  acute  diseases  is,  on  the  whole,  rare. 
Typhoid  fever  seems  to  give  rise  more  frequently  to  it  than 
small-pox,  scarlet-fever,  pneumonia,  erysipelas,  dysentery, 
cholera,  and  puerperal  fever.  During  the  late  Franco-Prussian 
war,  a  not  inconsiderable  number  of  cases  of  post-typhoid 
paralysis  occurred  ;  and  Dr.  Nothnagel  ^  has  described  fourteen 
cases  of  this  affection,  which  came  under  his  observation  in 
the  electro-therapeutical  department  of  the  military  hospitals 
of  Breslau  and  Berlin.  This  kind  of  paralysis  affects  either 
certain  sets  of  muscles  animated  by  one  nerve,  such  as  the 
ulnar  or  peroneal,  or  a  whole  limb,  or  two  limbs  which  are 
not  symmetrical.  Hemiplegia  is  rare,  but  paraplegia  some- 
what more  frequent.  Zenker  has  drawn  attention  to  a  pecu- 
liar degeneration  of  the  muscular  tissue  which  occurs  in 
tjrphoid  fever,  and  some  physicians  are  inclined  to  think  that 
post-typhoid  paralysis  is  owing  to  that  degeneration  ;  but  if 
we  consider  the  peculiar  localisation  of  the  palsy  in  certain 
nerve-districts,  and  also  the  circumstance  that  neuralgia  and 
anaesthesia  are  generally  combined  with  it,  the  nervous  origin 
of  this  form  of  paralysis  cannot  be  questioned.  Post-typhoid 
hemiplegia  and  paraplegia  are  probably  owing  to  cerebral  and 

'  Deutsches  Archiv  etc.  vol.  ix.  p.  480. 
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spinal  hsemorrhage,  while  the  local  forms  of  the  complaint 
may  be  traced  to  neuritis.  The  best  treatment  for  post- 
typhoid paralysis  appears  to  be  that  by  galvanisation,  faradi- 
sation, and  thermal  springs.  Where  there  is  much  wasting 
of  the  affected  limb,  the  constant  current  is  the  only  remedy 
which  does  any  good,  and  great  perseverance  with  it  is  neces- 
sary for  ensuring  a  satisfactory  result. 

11 .  Diphtheritic  paralysis  is  well  known  clinically,  but  not 
so  well  pathologically.  There  are  probably  two  different  kinds 
of  it,  viz.  one  which  is  owing  to  poisoning  of  the  blood,  and 
consequent  alterations  in  the  nutrition  and  molecular  condi- 
tion of  the  nervous  system — there  may  be  effusions  in  the 
neurilemma,  but  these  are  rapidly  absorbed ;  while  in  another 
class  of  cases  there  are  coarser  anatomical  alterations  in  the 
suffering  nerves  and  their  neighbourhood.  Thus  Buhl  ^  has 
found  capillary  apoplexy  of  the  brain,  thickening  and  soften- 
ing of  the  anterior  and  posterior  roots  of  the  spinal  nerves, 
from  diphtheritic  infiltration  of  the  neurilemma  and  the  inter- 
stitial connective  tissue.  Again,  Oertel^  discovered  large 
granular  masses  imbedded  in  the  mucous  membrane  of  the 
pharynx,  larynx,  trachea  and  lungs,  in  the  heart,  stomach, 
kidneys,  interstitial  connective  tissue  of  the  muscles,  the 
meninges  and  vessels  of  the  brain  and  spinal  cord,  the  anterior 
horns  of  the  grey  matter  of  the  cord,  and  the  neurilemma. 
Cases  of  the  latter  kind  generally  end  fatally,  or  if  the  patients 
recover,  the  affection  is  most  obstinate;  muscular  atrophy 
supervenes,  and  galvano-muscular  and  farado-muscular  excita- 
bility undergo  considerable  alterations. 

Diphtheritic  paralysis  generally  commences  in  the  second 
or  third  week  after  the  diphtheritic  process  has  affected  the 
throat,  conjunctiva,  vagina,  or  other  organs.  It  is  often  pre- 
ceded by  vomiting  and  considerable  retardation  of  the  pulse  ; 

'  Zeitschrift  fiir  Biologie,  vol.  iii.  p.  341. 
^  Deutsches  Archiv  etc.  vol.  viii.  p.  242. 
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and  is  characterised  by  the  peculiar  manner  in  which  the 
motor  tracts  are  successively  affected.  The  soft  palate  suffers 
first ;  speech  becomes  nasal  and  indistinct,  deglutition  is  im- 
paired, but  the  muscles  of  the  tongue  and  larynx  are  very  rarely 
affected.  The  motor  nerves  of  the  eye  then  begin  to  suffer  ; 
there  is  mydriasis  and  disturbed  accommodation  ;  the  lower 
and  upper  extremities,  the  muscles  of  the  trunk,  and  the 
respiratory  muscles,  may  become  affected  in  the  order  in  which 
they  have  just  been  mentioned.  Anaesthesia  is  sometimes 
present,  and  occasionally  ataxy  and  impotency  supervene. 
The  best  treatment  of  diphtheritic  paralysis  is  by  galvanisation 
and  faradisation  alternately.  This  may  be  combined  with 
change  of  air,  tonics,  and  baths. 

Dr.  Grreenhow  ^  has  cured  the  following  case  by  faradisa- 
tion : — 

A  woman,  aged  26,  had  diphtheria  in  October  1871,  and  been 
confined  to  her  bed  for  about  a  fortnight.  A  week  after  the  sore- 
throat  subsided,  and  when  she  had  already  left  her  bed,  the 
liquids  she  drank  began  to  be  returned  through  her  nostrils,  and 
her  voice  became  so  thick  that  she  was  scarcely  intelligible  in 
speaking,  although  she  was  able  to  swallow  solids  without  diffi- 
culty. About  the  same  time  her  vision  became  impaired  for 
near  objects.  When  she  first  began  to  move  about,  she  felt 
numbness  in  the  toes  of  the  left  foot,  which  gradually  spread  up 
the  leg  as  high  as  the  hip.  Two  months  afterwards  she  began  to 
experience  a  similar  feeling  in  the  right  foot,  which  spread  as 
high  as  the  knee,  and  a  deadness  in  the  fingers,  which  rendered 
her  incapable  of  buttoning  or  fastening  her  dress  or  of  handling 
any  object  properly.  This  spread  up  as  high  as  the  elbows.  She 
sometimes  passed  her  urine  involuntarily  and  often  vomited  her 
food  ;  she  also  occasionally  suffered  from  vertigo,  and  had  a  feeling 
of  tightness  round  the  chest  and  the  abdomen.  Loss  of  power  in  the 
lower  limbs  now  came  on,  which  also  commenced  in  the  left  leg  ; 
she  was  uncertain  in  her  walk,  and  found  her  limbs  give  way 
under  her ;  she  was  breathless  on  attempting  to  go  upstairs. 

On  admission,  the  muscles  of  the  extremities  were  flabby  and 
wasted  ;  she  could  move  the  legs  freely  in  bed,  but  stood  in  a  tot- 

'  Transactions  of  the  Clinical  Society  of  London,  1871)  p.  148. 
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tering  manner,  and  even  when  supported  could  only  walk  two  or 
three  steps  with  mnch  difficulty,  and  dragged  her  left  foot  on  the 
ground.  She  was  unable  to  write  or  work,  and  handled  things 
clumsily.  Firm  pressure  on  the  left  sciatic  notch  caused  extreme 
pain,  which  extended  down  the  thigh  and  into  the  calf  of  the  leg. 
The  sense  of  temperature,  of  tactile  sensibility  and  tickling,  was 
much  impaired.  Farado-muscular  excitability  was  diminished  in 
the  lower  extremities  and  the  hands.  The  throat  was  healthy, 
the  pnlse  feeble  but  regular,  the  hearing  somewhat  dull,  the 
urine  normal. 

Only  a  placebo  was  given,  and  faradisation  of  the  nerves  and 
muscles  of  the  extremities  resorted  to.  In  twelve  days  she  was 
able  to  dress  herself,  and  could  do  crochet- work  for  a  short  time. 
A  few  days  later  she  lost  the  tenderness  on  pressure  over  the  left 
sciatic  nerve,  and  could  distinctly  feel  the  prick  of  a  pin  in  both 
calves.  Three  weeks  after  admission  she  could  walk  a  few  steps 
without  assistance,  could  stand  for  a  few  moments  on  the  right 
foot  alone,  but  not  on  the  left.  The  muscles  became  plumper 
and  firmer,  and  two  months  after  admission  she  left  the  hospital 
perfectly  well. 

Dr.  Krafit-Ebing  ^  has  described  a  case  in  which  he  electrically 
diagnosed  the  peripheral  character  of  the  paralysis,  as  arising 
from  compression  of  the  nerve.  A  man,  aged  30,  had  diphtheria. 
At  the  end  of  the  first  week,  deglutition  was  difficult,  the  voice 
nasal ;  there  was  strabismus  and  difficult  accommodation  for 
near  objects ;  both  sides  of  the  face  and  all  extremities,  except 
the  fore-arms,  paralysed.  This  occurred  within  four  days.  There 
was  cutaneous  and  mnscular  anaesthesia  of  the  paralysed  parts. 
Bladder  and  rectum  unaffected  ;  no  pain.  The  mobility  of  the 
right  big  toe  returned  a  week  afterwards,  and  the  velum  likewise 
recovered.  Cutaneous  and  muscular  sensibility  reappeared  in  the 
right  side  two  days  later.  Nevertheless,  the  paralysed  muscles 
wasted  rapidly,  and  only  increased  again  in  bulk  three  months 
afterwards.  Ten  months  later  the  patient  could  stand  ;  in  eleven 
months  he  could  stagger  through  the  room  with  the  aid  of  a 
stick ;  in  the  fifteenth  month  cutaneous  and  muscular  sensibility 
returned  in  the  left  side  of  the  body,  and  the  sensibility  and 
muscular  force  gradually  improved  in  the  right  leg. 

After  seventeen  months  the  patient  underwent  a  galvanic  treat- 
ment.     At  that  time  there  was  a  high  degree  of  wasting  in  the 

»  Deutsches  Archiv  etc.  toI.  ix.  18/2,  p.  123. 
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rmiscles  animated  by  the  crural,  obturatorius  and  gluteei  nerves. 
Cutaneous  sensibility  was  ererywliere  normal.  Adduction  and 
abduction  of  the  thigh,  inward  and  outward  rotation  in  the  hip- 
joint,  almost  impossible ;  he  could  not  rise  from  a  chair  without 
supporting  himself  with  the  hands,  and  could  not  hold  the 
stretched  leg  up  ;  active  and  passive  movements  caused  clonic 
spasms  of  the  paralysed  muscles.  Walking  and  standing  was 
only  possible  with  a  stick,  and  even  so  very  fatiguing ;  going  up- 
stairs was  almost  impossible.  The  right  leg  was  weak,  but  did 
not  show  trophic  disturbances.  In  the  right  side  the  electric 
reaction  was  normal,  in  the  left  farado-mUscular  contractility  gone, 
the  galvano-muscular  excitability  preserved,  and  the  anode  acted 
more  powerfully  than  the  cathode. 

The  cord-nerve  and  plexus-nerve-current  was  used,  together 
with  faradisation,  of  the  paralysed  muscles,  for  a  month.  After 
a  week,  the  tensor  fascias  recovered  its  faradic  contractility  ;  in 
three  weeks  the  adductors  and  glutaei  muscles  recovered  their 
volitional  power.  There  was  muscular  hypersesthesia  at  the  same 
time.  The  rectus  of  the  thigh  began  to  recover  in  the  fifth  week. 
Thirteen  months  afterwards  the  patient  was  quite  well. 

12.  Palsies  of  the  nerves  and  muscles  of  the  eye. — If  the 
third  nerve  or  motor  oculi  is  paralysed,  the  upper  eyelid 
droops  and  cannot  be  raised  through  loss  of  power  in  the 
levator  palpebrse  superioris  muscle  (ptosis) ;  the  pupil  is 
dilated  and  the  eye  cannot  be  moved  in  any  direction  except 
outwards,  as  the  rectus  externus,  being  animated  by  the  sixth 
nerve,  retains  its  function.  This  muscle  is,  however,  after  a 
time,  generally  affected  by  secondary  contraction,  which  causes 
divergent  squint  and  double  vision. 

Local  palsy  of  the  fourth  nerve  is  of  rare  occurrence. 
Professor  A.  von  Graefe  ^  states  that  in  this  affection  the 
pupil  is  turned  a  little  upwards  and  inwards  ;  when  looking 
upwards,  vision  is  not  disturbed,  but  in  looking  at  an  object 
placed  horizontally  before  the  eye,  the  patient  sees  it  double  ; 
and  therefore,  in  order  to  avoid  this,  the  head  is  generally 
turned  towards  the  opposite  side. 

'  Archiv  fiir  Ophthalmologie,  vol.  i.  p.  1. 
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If  the  sixth  nerve  is  paralysed,  the  patient  squints  in- 
wards, and  has  double  vision  in  certain  directions  ;  sometimes 
the  inward  deviation  of  the  eye  is  so  considerable,  that  the 
cornea  may  be  entirely  concealed  at  the  inner  angle  of  the 
orbit. 

These  palsies  may  be  caused  by  cerebral  aflfections ;  but 
are  more  frequently  owing  to  rheumatic  or  syphilitic  effu- 
sions, or  to  over-exertion  of  the  eyes,  or  to  pressure  by 
tumours  and  exostoses.  The  patients  are  generally  treated 
with  iodide  of  potassium  and  counter-irritation  of  the  skin 
in  the  neighbourhood  of  the  eye  ;  and  some  recover  by  that 
treatment.  Operative  interference  has  often  been  attempted, 
but  generally  left  the  patient  in  a  worse  condition  than  he 
was  before  the  operation.  Where  the  usual  means  do  not 
improve  the  condition  of  the  paralysed  muscles,  both  faradi- 
sation and  galvanisation  may  be  employed.  M.  Meyer,  ^  Mr. 
Soelberg  Wells,^  and  myself,  have  seen  very,  favourable  results 
of  the  former  ;  while  Benedict  ^  expresses  himself  strongly  in 
favour  of  the  latter.  When  using  faradisation,  I  generally 
place  the  positive  pole  below  the  ear,  and  a  small  moistened 
sponge  connected  with  the  negative  pole  to  the  skin  of  the 
closed  eyelid,  as  near  as  possible  to  the  paralysed  muscle, 
sending  the  current  through  for  two  or  three  minutes.  For 
galvanisation,  Benedict  recommends  to  apply  the  positive 
pole  to  the  forehead,  and  in  ptosis,  to  draw  the  negative  pole 
over  the  lid  ;  in  paralysis  of  the  rectus  externus,  to  put  the 
negative  pole  to  the  cheekbone ;  and  in  paralysis  of  the 
rectus  internus,  to  draw  it  over  the  skin  of  the  side  of  the 
nose.  He  is  quite  corrrect  in  stating  that  a  good  result  is 
often  obtained  instantaneously,  and  that  the  application 
should  be  short  and  feeble ;  but  he  is  wrong  in  denying  the 

>  Deutsche  Klinik,  1866,  No.  38. 

*  A  Treatise  on  the  Diseases  of  the  Eye,  London,  1869,  p.  668. 

'  Arcbiv  fiir  Ophthalmologie,  vol.  x.  p.  1. 
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beneficial  influence  of  faradisation  in  these  cases.  Only  a 
short  time  ago  I  had  a  patient  under  my  care  who  suffered 
from  paralysis  of  the  rectus  internus  muscle,  and  in  whom 
the  continuous  current  was  applied  for  a  fortnight  without 
any  benefit.  I  then  resorted  to  faradisation,  with  the  effect 
that  the  patient  felt  a  great  deal  better  after  the  first  applica- 
tion, and  rapidly  recovered  under  a  continuance  of  the  faradic 
treatment.  The  rule  should  therefore  be  to  apply  either  one 
or  the  other  form  of  electricity,  and  not  to  continue  either 
for  any  length  of  time  if  no  decided  benefit  be  produced. 

Case  35. — A  lady,  aged  43,  who  had  been  in  the  habit  of  over- 
exerting her  eyes,  being  very  fond  of  painting  in  water-colours, 
was  exposed  to  wet  and  cold  in  November  1861,  and  suddenly 
noticed  that  she  saw  everything  double.  A  blister  was  applied 
behind  the  ear,  and  she  was  freely  purged,  after  which  she  was 
put  on  a  course  of  iodide  of  potassium.  As  she  did  not  get 
better,  she  came  to  me  in  February  1862,  when  I  found  paralysis 
of  the  left  rectus  internus  muscle,  probably  from  rheumatic 
effusion.  I  used  faradisation  six  times,  after  which  the  double 
vision  existed  only  for  objects  at  a  great  distance,  but  not  for 
near  things.  The  patient  was  then  obliged  to  leave  town,  but 
returned  in  May  of  the  same  year,  and  had  ten  more  applications, 
after  which  the  muscle  had  quite  recovered  and  the  double 
vision  disappeared. 

Case  36. — A  lady,  aged  40,  was  sent  to  me  by  Mr.  White 
Cooper  in  October  1862.  She  had  for  some  time  suffered  from 
mydriasis  of  the  right  eye,  which  considerably  interfered  with 
sight.  She  was  otherwise  in  good  health,  and  unable  to  account 
for  this  affection.  I  applied  a  gentle  current  for  a  short  time, 
which  caused  the  iris  to  contract  visibly.  She  was  only  able  to 
stay  in  town  for  a  few  days,  so  that  the  treatment  could  not 
receive  a  full  trial ;  but  she  was  considerably  improved  even  by 
the  short  treatment  she  had  followed. 

Case  37. — A  gentleman,  aged  49,  had  for  ten  months  suffered 
from  ptosis  of  the  left  eyelid,  for  which  he  had  undergone  a 
variety  of  treatment  without  benefit,  when  he  consulted  me  in 
December  1864.  There  were  many  other  symptoms,  exciting 
the  suspicion  of  cerebral  disease.     He  had  six  applications  of 
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the  continuous  current  to  the  eye  in  a  fortnight,  during  which 
he  recovered  the  pow.er  over  the  eyelid,  although  there  was  no 
improvement  in  the  other  symptoms. 

Case  38. — A  clerk,  aged  34,  was  sent  to  me  by  Mr.  Soelberg 
Wells  in  July  1871.  He  had  suffered  from  various  forms  of 
secondary  and  tertiary  syphilis,  for  which  he  had  been  treated 
with  mercury  and  iodide  of  potassium.  The  principal  symptoms 
at  the  present  time  were  ptosis  of  the  right  eyelid  and  paralysis 
of  the  right  rectus  internus  muscle,  which  produced  double 
vision.  I  applied  the  constant  current  to  the  suffering  muscles, 
with  the  result  that  immediately  after  the  first  application  the 
patient  could  raise  the  eyelid  somewhat,  and  the  rectus  internus 
recovered  some  of  its  tone.  The  patient  had  altogether  thirteen 
applications  of  the  constant  current,  during  which  he  gradually 
recovered  the  power  of  the  muscles  ;  and  at  the  end  of  this  treat- 
ment his  eye  was  perfectly  well. 

Where  both  eyelids  are  drooping-,  we  have  generally  to  do 
with  an  incurable  affection  of  the  corpora  quadrigemina  ;  yet 
even  in  such  cases  the  continuous  current  may  prove  of  benefit, 
but  which,  I  fear,  is  generally  only  temporary. 

Mr.  Carter  ^  has  lately  recommended  to  combine  faradisa- 
tion of  the  paralysed  muscle  with  tenotomy  of  the  contracted 
one,  and  appears  to  have  been  successful  in  carrying  out  this 
treatment.  He  proposes  to  apply  the  electrodes  directly  to 
the  muscular  substance,  the  eyelid  being  lifted  and  controlled 
by  a  retractor,  and  the  current  being  directed  to  that  portion 
of  the  conjunctiva  which  corresponds  to  the  situation  of  the 
muscle.  Such  an  application  is  much  more  painful  than  the 
one  I  have  recommended,  and  it  would  therefore  be  better 
first  to  use  the  electricity  externally,  and  only  in  case  this 
should  not  answer,  to  apply  it  internally.  The  combination 
of  tenotomy  with  faradisation,  however,  may  answer  in 
cases  where  the  use  of  either  of  these  remedies  singly  might 
fail. 

'  Lancet,  December  1868. 
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13.  Paralysis  of  the  portio  dura. — Most  cases  of  facial 
palsy  are  due  to  the  influence  of  damp  and  cold.  A  rheu- 
matic effusion  takes  place  into  the  cellular  tissue  of  the  face, 
by  which  the  peripheral  branches  of  the  portio  dura  are  com- 
pressed and  their  function  more  or  less  inhibited.  In  such 
cases  the  lower  portion  of  the  face  is  generally  more  affected 
than  the  upper  one.  Cases  which  occur  in  children  or  yoimg 
persons,  and  where  the  quantity  of  lymph  effused  is  not  very 
great,  may  get  well  spontaneously ;  but  in  adults,  or  where  a 
large  effusion  has  taken  place,  the  palsy  only  yields  to  appro- 
priate treatment.  Where  all  the  muscles  of  the  face  are 
equally  affected,  the  nerve  is,  as  a  rule,  compressed  by  an  effu- 
sion in  the  Fallopian  canal.  In  slight  cases  of  this  kind  the 
farado-muscular  excitability  is  diminished,  and  in  severe  cases 
it  is  lost.  Gralvano-muscular  excitability  is  sometimes  in- 
creased and  sometimes  normal,  but  only  in  exceptional  cases 
diminished  or  lost. 

The  treatment  generally  employed  in  these  cases  consists 
of  blistering  and  the  internal  use  of  iodide  of  potassium  or 
strychnia.  Electricity  is,  however,  much  more  rapidly  suc- 
cessful, especially  if  the  affection  be  of  recent  origin.  Many 
cases  may  be  cured  by  faradisation ;  but  where  this  fails,  and 
likewise  in  those  cases  where  farado-muscular  contractility  is 
altogether  lost,  galvanisation  is  preferable.  Faradism  should 
be  applied  to  all  the  paralysed  muscles  individually ;  while  if 
the  constant  current  be  used,  the  anode  is  placed  to  the 
auriculo-maxillary  fossa,  and  the  cathode  gently  passed  over 
the  peripheral  branches  of  the  portio  dura.  Voltaic  alterna- 
tives are  useful.  Where  the  external  application  does  not 
produce  much  benefit,  the  negative  pole  may  be  applied  to  the 
mucous  membrane  of  the  cheek,  and  the  positive  externally, 
which  sometimes  does  good,  after  all  other  modes  of  applying 
electricity  have  failed. 

Cases  of  rheumatic  paralysis  of  the  portio  dura  generally 
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yield  to  treatment  even  if  they  have  existed  for  a  very  long- 
time. Professor  Ore  "has  related  a  case  of  eight  and  a  half 
years'  duration,  which  was  cm:ed  by  faradism,  and  Dr.  Eussell 
Eejmolds  succeeded  by  the  same  means  in  notably  improving 
one  of  fourteen  years'  standing. 

Facial  palsy  is  also  observed  as  a  symptom  of  cerebral 
hemiplegia,  but  it  then  generally  appears  only  in  a  few 
muscles  of  the  face,  viz.  the  levator  alee  nasi  et  oris,  and  the 
buccinator  muscle.  In  such  cases  electro-muscular  contrac- 
tility is  either  normal  or  increased  to  both  kinds  of  current. 
As  this  form  of  facial  palsy  has  a  central  origin,  faradisation 
is  not  to  be  recommended.  The  palsy  frequently  disappears 
spontaneously,  but  where  it  continues  troublesome  some  months 
after  the  attack,  galvanisation  may  be  resorted  to,  and  gene- 
rally proves  successful. 

In  tumours  of  the  corpus  striatum  and  crus  cerebri,  and  in 
disease  of  the  pons,  facial  palsy  appears  combined  with  para- 
lysis of  the  third  and  other  cerebral  nerves.  In  such  condi- 
tions no  form  of  electricity  can  be  of  decided  or  permanent 
use,  although  the  constant  current  cautiously  applied  may 
relieve  certain  symptoms  of  the  affection.  . 

Facial  palsy  ensuing  in  the  course  of  locomotor  ataxy  is 
generally  an  unfavourable  sign,  as  it  shows  that  the  disease 
is  gradually  advancing  towards  the  medulla  oblongata,  and 
the  roots  and  nuclei  of  the  cerebral  nerves.  The  constant 
current  may,  however,  under  these  circumstances  be  employed 
with  a  fair  chance  of  temporary  benefit. 

"VMiere  facial  palsy  is  due  to  injury,  the  prognosis  is  not 
so  favourable  as  in  those  cases  which  are  owing  to  rheumatic 
effusions.  The  injury  may  be  due  to  external  violence,  such 
as  a  blow,  shot,  cut,  fracture  of  the  petrous  portion  of  the 
temporal  bone,  pressure  by  the  application  of  forceps,  &c. ; 
or  to  some  pathological  process  in  the  internal  ear,  as  caries 
and  necrosis  of  the  petrous  portion  of  the  temporal  bone, 
or  syphilitic  exostoses. 

0  0 
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There  is  one  form  of  paralysis  of  the  portio  dura  which  has 
only  quite  recently  sprung  into  existence,  and  which  for  want 
of  a  better  term  I  propose  calling  aural  surgeorCs  facial 
paralysis.  It  is  produced  by  the  reprehensible  practice  of 
injecting  a  caustic  solution  of  nitrate  of  silver  (from  forty  to 
sixty  grains  in  the  ounce)  into  the  external  meatus,  for  the 
relief  of  deafness  arising  from  aural  catarrh.  The  deafness 
is  not  relieved,  and  another  very  troublesome  and  annoying 
affection — paralysis  of  the  portio  dura  from  injury  in  the  Fal- 
lopian canal — added  to  the  one  previously  existing.  In  these 
cases  farado-muscular  excitability  is  entirely  lost,  but  galvano- 
muscular  excitability  is  preserved.  It  is  fortunate  for  these 
poor  patients  that  the  physicians'  skill  may  remedy  the  harm 
done  by  the  surgeon's  recklessness.  The  constant  current  em- 
ployed regularly  for  two  or  three  months  entirely  cures  aural 
surgeon's  facial  paralysis.  We  are  pleased  to  find  that  Dr. 
Peter  Allen  ^  has  condemned  the  practice  just  mentioned  as 
unjustifiable,  and  we  trust  we  may  have  seen  the  last  of  these 
cases,  which  are  an  opprobrium  to  our  profession. 

From  many  cases  of  facial  palsy  which  have  come  under 
my  observation,  I  select  the  following : — 

Case  39. — Paralysis  of  the  Face. 

Mr.  F.,  a  barrister,  aged  35,  having  been  exposed  to  a  draught 
of  cold  air  at  a  railway  station,  became  affected  with  paralysis  of 
the  'left  portio  dura.  The  physiognomical  expression  had  en- 
tirely vanished  from  that  side  of  the  face.  The  patient  was  not 
able  to  laugh,  frown,  whistle,  or  to  shut  Lis  eye,  which  latter 
appeared  staring  and  protruded.  The  angle  of  the  mouth  was 
depressed,  and  drawn  towards  the  opjDosite  side ;  that  of  the 
sound  side  being  higher  and  drawn  towards  the  ear.  The  cheek 
was  flabby  and  loose  ;  and  eating  and  speaking  were  troublesome. 
The  patient  was  sent  to  me  by  the  late  Dr.  Todd,  whom  he  had 
consulted  six  months  after  the  commencement  of  the  affection. 

1  Lectures  on  Aural  Catarrh.     London,  1871,  p.  258. 
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Farado-muscular  contractility  was  diminished.  I  faradised  all 
the  paralysed  muscles  individually,  with  the  effect  that  the 
patient  regained  his  normal  physiognomical  expression,  after  a 
fortnight's  treatment. 

Case  40. — George  W-,  a  shoemaker,  aged  44,  came  under  my 
care  at  the  Infirmary  for  Epilepsy  and  Paralysis,  on  April  25, 
1866.  He  had  for  the  last  ten  weeks  suflPered  from  paralysis 
of  the  portio  dura,  which  he  ascribed  to  having  got  wet  through, 
and  been  exposed  to  a  cold  draught  in  a  doorway.  He  was  un- 
able to  close  his  eye,  to  laugh,  or  to  whistle,  and  could  not  pro- 
nounce the  letter  'f.'  The  right  nostril  was  'shut  up,'  and  he 
liad  great  difficulty  in  masticating  his  food  at  the  right  side. 
He  also  complained  of  headache,  and  occasional  attacks  of 
vertigo ;  but  was  otherwise  in  good  health.  Faradisation  pro- 
duced no  contraction  in  the  muscles  of  the  face,  while  the  con- 
tinuous current  caused  contractions  both  on  closing  and  opening 
the  circuit.  A  continuous  current  of  twenty  cells  was  now 
applied  regularly  twice  a  week,  and  after  six  weeks  of  this 
treatment  the  patient  was  quite  well. 

An  interesting  case  of  facial  palsy,  which  appears  to  have 
been  cared  by  a  lightning- stroke,  is  that  of  Samuel  Lefiers,  of 
Carteret  County,  North  Carolina,  U.S.,  which  is  generally  quoted 
as  an  instance  of  amaurosis  or  general  paralysis  cured  by 
lightning,  and  which  occurred  in  1806.  In  the  United  States 
the  most  marvellous  particulars  were  circulated  of  the  case,  and 
Professor  Olmsted,^  who  has  recorded  it,  states  that  henceforth 
it  was  generally  believed  that  under  certain  circumstances 
lightning  would  suddenly  change  decrepit  old  age  into  blooming 
youth.  It  was  indeed  related  of  Leffers,  a  very  old  man,  who 
had  been  so  much  paralysed  that  he  was  no  longer  able  to  walk 
or  even  stand,  and  whose  features  were  frightfully  distorted,  that 
he  had  through  a  lightning- shock  suddenly  regained  the  full 
force  of  his  youth  and  an  exquisitely  beautiful  complexion  and 
soft  skin,  and  that  he  had  retained  this  complete  youth  up  to  his 
ninetieth  year.  The  facts  of  the  case  are,  however,  as  follows  : — 
Samuel  Leffers  was  affected  by  what  is  now  generally  known  as 
paralysis  of  the  portio  dura,  and  which  in  most  cases  is  only  a 
troublesome  and  annoying,  but  by  no  means  dangerous,  affection. 
At  the  time,  however,  when  this  occurred,  medical  diagnosis  had 

'  American  Journal  of  Arts  and  Sciences,  vol.  iii.  p.  100,  1821. 
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not  advanced  so  far  as  it  is  at  present,  and  this  aflFection  was  not 
distinguished  from  paralysis  of  the  face  due  to  hemiplegia,  and 
was  therefore  considered  as  a  certain  sign  of  the  break-up  of 
the  patient's  constitution.  That  Samuel  Leffers'  complaint  was 
in  fact  nothing  more  than  paralysis  of  certain  branches  of  the 
facial  nerve  is  evident  from  the  description  of  his  symptoms, 
which  were  as  follows : — On  awakening  one  morning  he  felt  an 
unpleasant  numbness  in  the  left  side  of  the  face  ;  he  could  not 
shut  the  left  eye,  and  his  speech  was  impaired.  These  symptoms 
'  caused  him  to  believe  that  he  had  been  affected  by  a  paralytic 
stroke.'  Some  time  afterwards  the  disease  improved  in  the 
other  parts  of  the  face,  and  centred  in  the  eye,  which  he  could 
not  shut  by  day  or  night ;  it  was  consequently  exposed  to  ob- 
noxious influences,  and  the  sight  became  much  impaired ;  that  is 
to  say,  the  buccinator  and  other  muscles  recovered  their  tone, 
while  the  orbicularis  palpebrarum  still  remained  paralysed.  He 
was  in  this  state  when  one  day,  while  walking  in  the  hall  of  his 
house  during  a  storm,  he  was  struck  by  lightning.  He  fell 
down,  and  remained  unconscious  from  fifteen  to  twenty  minutes,, 
when  he  recovered  so  far  as  to  be  able  to  distinguish  objects 
around  him,  and  to  be  conscious  of  his  position.  During  the 
night  he  fully  regained  the  use  of  his  senses  and  limbs,  and  felt- 
so  well  the  following  morning  that  he  resolved  to  write  an 
account  of  what  had  happened  to  him,  to  a  friend.  He  then 
supposed  that,  as  he  had  not  been  able  to  see  well  for  some  time,, 
his  note  must  necessarily  be  a  short  one  :  but  he  Avas  astonished 
to  find  that  he  could  write  a  long  letter  without  experiencing  any 
inconvenience,  the  last  remains  of  the  paralysis  having  entirely 
disappeared;  nor  did  it  return  at  a  later  period.  He  had  thus 
been  effectually  cured  from  his  previous  complaint ;  but  his 
hearing  had  become  weak,  and  he  always  afterwards  complained 
of  a  certain  degi'ee  of  deafuess,  From  this  description,  it  is 
quite  evident  that  the  orbicularis  palpebrarum  muscle,  which  had 
been  paralysed,  was  beneficially  affected  by  the  stroke  ;  but  the 
case  was  neither  one  of  amaurosis,  nor  one  of  general  paralysis 
cured  by  lightning. 

13.  Paralysis  of  the  Vocal  Cords:  AiDhonia  and  Dys~ 
phonia. — The  iutroduction  of  the  laryngoscope  into  medical 
practice  has  gTeatly  facilitated  the  diagnosis  of  diseases  of 
the  larynx ;    and  the  treatment  of  these  affections  is  now 
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more  easy,  safe  and  successful  than  it  could  have  been  "before. 
Where  loss  of  voice  is  due  to  pressure  by  an  internal  aneurism 
or  cancer  on  the  recurrent  nerve,  no  good  can  be  done  by 
electricity  applied  to  the  larynx ;  where  it  is  owing  to  in- 
flammation, ulceration,  or  morbid  growths  in  the  throat,  a 
special  local  treatment  by  caustics,  astringents,  the  ecraseur, 
&c.,  together  with  constitutional  remedies,  has  to  be  resorted 
to ;  but  where  the  affection  arises  from  mere  loss  of  power  in 
the  muscles  connected  with  the  vocal  cords,  faradisation  of 
the  skin  of  the  larynx,  or  of  the  suffering  muscles,  is  the  best 
treatment.  Such  los3  of  power  is  frequent  in  hysterical  girls, 
but  it  also  occurs  after  acute  diseases,  such  as  typhoid  fever 
and  diphtheria,  after  ague  and  rheumatism,  in  poisoning  by 
arsenic  and  lead,  in  ansemia,  from  taking  cold,  through  over- 
exertion of  the  voice,  or  a  powerful  impression  upon  the 
nervous  centres,  such  as  terror,  fright,  &c.  In  such  cases 
the  voice  not  unfrequently  comes  back  after  a  time  without 
any  treatment  having  been  resorted  to ;  but  there  are  nu- 
merous instances  in  which  it  does  not  return  for  years,  and 
all  treatment  is  unsuccessftd,  except  the  electric. 

The  first  case  of  functional  aphonia  treated  Ijy  galvanism 
has  been  recorded  by  Dr.  Grapengiesser,^  of  Berlin,  who 
applied  the  current  of  a  single  galvanic  pair  to  the  throat  of 
a  girl  who  had  lost  her  voice  for  several  years.  He  first 
vesicated  each  side  of  the  larynx  by  blisters  of  the  size  of  a 
shilling,  and  then  applied  the  zinc  pole  to  one  of  the  ex- 
coriated spots  and  the  silver  pole  to  the  other.  The  circuit 
was  kept  up  for  a  quarter  of  an  horn-,  during  which  time  the 
larynx  heaved  convulsively,  and  a  great  quantity  of  serous 
liquid  flowed  from  the  sores.  The  sobbing  continued  after 
the  metals  had  been  removed,  much  mucus  was  expectorated, 
and  two  hours  afterwards  the  voice  was  much  more  audible 

^  Versuclie  den  Galvanismus  zur  Heilung  einiger  Krankheiten  anzuwenden . 
Berlin,  1801.  ' 
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and  clear.  After  this  process  had  been  repeated  several 
times,  the  voice  was  quite  restored.  Six  months  afterwards, 
however,  it  was  suddenly  lost  again  in  consequence  of  a  cold, 
and  it  did  not  again  return,  although  the  same  process  of 
galvanisation  was  repeated. 

Since  then  all  the  different  forms  of  electricity  have  been 
frequently  used  in  the  treatment  of  functional  aphonia,  and 
the  results  have  on  the  whole  been  satisfactory. 

An  easy  and  successful  method  of  applying  electricity  in 
these  cases  is  faradisation  of  the  skin  of  the  larynx  by  fine 
wire  brushes.  I  have  on  several  occasions  restored  the  voice 
by  one  such  application.  The  current  used  must  be  of  high 
tension.  Dr.  John  Tanner,^  of  Newington  Causeway,  has 
practised  faradisation  of  the  tongue  in  this  condition  with 
good  results.  He  places  a  moistened  sponge  conductor  into 
the  hand  of  the  patient,  and  then  touches  the  tongnie  with  a 
metallic  director.  The  patient  at  once  screams  violently, 
and  thus  convinces  herself  and  others  who  are  present  that 
her  voice  has  come  back.  He  says  that  he  has  applied  it  in 
more  than  fifty  cases,  and  always  with  the  desired  results.. 
From  his  paper  it  appears  as  if  one  application  had  been 
found  sufficient.  Probably  in  all  cases  which  came  under 
Dr.  Tanner's  care  the  voice  had  been  lost  quite  recently,, 
for  cases  of  long  standing  are  not  so  easily  cured. 

In  cases  which  resist  such  applications,  intra-laryngeal 
faradisation  should  be  resorted  to.  This  method  has  yielded 
excellent  results  in  the  hands  of  Dr.  Morell  Mackenzie,  while 
Prof.  V.  Ziemssen^  expresses  himself  in  more  guarded  terms 
concerning  its  value.  He  has  obtained  brilKant  results  in 
recent  cases,  but  found  those  of  long  standing,  even  when 
incomplete  and  occurring  in  hysterical  women,  very  obstinate. 


>  The  Lancet,  December  IS,  1869. 

^  Deutsches  Archiv,  etc.,  vol.  vii.  p.  376. 
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Dr.  Mackenzie*  subdivides  paralysis  of  the  vocal  cords  into 
bilateral  and  unilateral  paralysis  of  the  adductor  muscles, 
bilateral  paralysis  of  the  abductors,  unilateral  paralysis  of  one 
abductor,  and  paralysis  of  the  tensors  and  of  the  laxors.  Bi- 
lateral paralysis  of  the  adductors  of  the  vocal  cords  prevents 
approximation  of  the  cords  on  attempted  phonation,  and  con- 
sequently gives  rise  to  loss  of  voice.  Out  of  more  than  200 
cases  of  this  affection  which  have  been  under  Dr.  Mackenzie's 
care,  direct  faradisation  of  the  glottis  has  failed  only  in  four, 
so  that  the  proceeding  seems  to  be  almost  a  specific  for  the 
complaint.  Unilateral  paralysis  of  the  adductors  prevents 
the  approach  of  one  vocal  cord  to  the  median  line,  and  gives 
rise  to  hoarseness  or  loss  of  voice.  This  is  more  difficult  to 
cure,  but  also  yields  occasionally  to  faradisation.  In  paralysis 
of  the  tensm^s  of  the  vocal  cords,  these  are  not  properly 
stretched ;  the  voice  is  lost  or  muffled,  the  higher  notes 
more  or  less  suppressed,  and  vocalisation  is  attended  with  a 
sense  of  fatigue  or  pain.  In  paralysis  of  the  laxors  of  the 
vocal  cords,  the  formation  of  the  lower  notes  is  interfered 
with,  and  the  pitch  of  the  voice  is  raised.  Both  tensors  and 
laxors  may  be  beneficially  affected  by  faradisation,  while  in 
paralysis  of  the  abductors  electricity  does  no  good.  The 
following  cases  may  serve  to  illustrate  these  different  con- 
ditions : — 

Case  4:1.— Bilateral  Paralysis  of  the  Adductors  of  the  Vocal 

Cords. 

In  May  18,62,  I  treated  an  interesting  case  of  this  kind, 
together  with  Professor  Czermak,  of  Prague,  who  had  just  then 
introduced  the  use  of  the  laryngoscope  into  this  country.  A 
woman,  aged  30,  had  lost  her  voice  two  months  before,  in  con- 
sequence of  a  great  emotion.     An  examination  of  her  throat 


*  Hoarseness,  Loss  of  Voice,  and  Stridulous  Breathing,  in  relation  to  Nerve- 
muscular  Affections  of  the  Larynx.     London,  1868. 
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showed  tliat  tlie  adductors  of  botli  vocal  cords  were  perfectly- 
motionless  and  paralysed.  Faradisation  of  the  skin  of  the 
larynx  was  resorted  to,  and  after  two  such  applications,  the 
patient  could  speak  again,  although  still  in  a  hoarse  tone  only. 
It  was  then  discovered,  by  another  examination  with  the  laryn- 
goscope, that  the  right  vocal  cord  had,  to  a  great  extent, 
recovered  its  motion,  but  there  was  as  yet  no  improvement  in  the 
left.  By  further  treatment,  the  left  cord  was  also  brought  back 
to  its  normal  condition,  and  the  voice  entirely  restored. 

Case  of  unilateral  paralysis  of  the  adductors : — 

C.  B.,  aged  19,  came  under  Dr.  Mackenzie's  care  in  June 
1865.  He  had  at  the  end  of  July  1864,  suffered  from  a  severe 
attack  of  diphtheria,  and  on  recovering  from  the  acute  stage  had 
experienced  great  difficulty  in  swallowing  and  loss  of  voice. 
Deglutition  was  now  nearly  normal,  though  he  still  had  occa- 
sional attacks  of  coughing  from  '  things  going  the  wrong  way  ' 
whilst  he  was  taking  his  meals.  This  was  especially  apt  to  occur 
in  drinking.  He  had  been  taking  iron,  quinine,  and  strychnia, 
and  for  six  weeks  electricity  had  been  daily  applied  to  his  throat 
externally.  The  voice,  however,  had  not  improved.  A  laryn- 
goscopic  examination  showed  slight  paralysis  of  the  adductors  of 
the  right  vocal  cord.  Dr.  Mackenzie  faradised  the  affected 
muscle  daily,  from  August  16  till  September  10.  By  that  time 
the  patient  was  able  to  sound  his  voice,  though  he  usually  spoke 
in  a  whisper.  Ten  days  later  the  sound  of  the  voice  was  the  rule 
rather  than  the  exception,  and  by  the  middle  of  October  the 
patient  was  able  to  speak  in  a  strong,  clear  voice,  which  to 
strangers  appeared  perfectly  natural,  although  he  thought  that 
'it  sounded  differently  to  what  it  had  done  before  his  illness.' 
The  action  of  the  right  cord  now  appeared  normal. 

14.  Difficulty  of  Deglutition. — Where  difficulty  of  swal- 
lowing is  due  to  paralysis  or  spasm  of  the  pharynx  or  oeso- 
phagus, faradisation  and  galvanisation  are  the  best,  and  in 
many  instances,  the  only  means  by  which  we  can  hope  to  cure 
this  most  troublesome  and  annoying  affection. 

Case  42. — Major  I.,  aged  42,  consulted  me  in  September  1862, 
for  loss  of  voice  and  difficulty  of  deglutition,  brought  on  by  an 
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attack  of  cerebral  hsemorrliage  wliicli  lie  had  had  in  1859,  and 
which  affected  the  entire  left  side  of  the  body.  For  several 
months  after  this  he  had  been  so  bad  that  his  life  was  despaired 
of.  He  gradually,  however,  got  better,  and  partially  recovered 
the  use  of  his  arm  and  leg,  while  the  voice  and  deglutition  did 
not  improve.  The  latter  symptom  even  became  worse  as  time 
went  on,  there  being  constant  regurgitation,  especially  of  fluids, 
which  was  very  distressing.  After  a  fortnight's  faradisation  the 
voice  was  so  much  improved  that  he  could  converse  with  ease, 
while  swallowing  was  stiU  difficult.  I  then  applied  a  continuous 
current  to  the  pharyngeal  and  oesophageal  nerves,  with  the 
result  that,  after  the  second  operation,  a  marked  improvement 
was  perceptible  ;  and  in  a  week  the  patient  was  able  to  swallow 
easily,  without  any  regurgitation  taking  place. 

M.  Hiffelsheim  ^  has  recorded  the  case  of  a  man,  aged 
26,  who  had  suffered  from  acne,  which  was  cured  by  arsenic, 
but  who  had  otherwise  been  in  good  health.  He  had  such 
difficulty  in  retaining  his  food,  that  most  of  what  he  took 
was  returned  as  soon  as  it  came  into  the  pharynx,  the  liquids 
being  rejected  through  the  nose.  In  this  case  the  continuous 
current  was  applied  to  the  pneumogastric  nerve.  After 
three  applications  the  patient  could  eat  some  roast  meat 
and  retain  it ;  after  live  more  he  was  quite  well. 


IV.    SPASMODIC   DISEASES. 

Spasmodic  diseases  are  much  less  amenable  to  electricity  than 
paralytic  affections ;  yet,  in  certain  kinds  of  spasm,  it  deserves  a 
trial  when  other  remedies  have  failed.  It  appears  probable  that 
our  modes  of  applying  electricity  in  spasmodic  affections  are  still 
defective,  and  that  with  an  improved  method  better  results  would 
be  obtained  than  is  now  generally  the  case.  The  methods  prin- 
cipally employed  at  the  present  time  are  faradisation  of  the  skin, 
and  galvanisation  of  the  affected  nerves.     Static  electricity  was 

'  Annales  d'electricite  m^dieale.     1862. 
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formerly  much  used  in  these  cases,  and  seems  to  act  much  in  the 
same  manner  as  faradisation  of  the  skin.  As  regards  galvanisa- 
tion, I  am  inclined  to  think  that  a  much  longer  application  than 
is  generally  resorted  to  for  the  treatment  of  paralysis  is  necessary 
for  the  cure  of  spasms. 

1,  Chorea  is  generally  brought  on  by  terror,  fright,  rheumatism, 
or  intestinal  derangement,  and  is  frequently  seen  to  disappear 
under  the  influence  of  cold  aflFusions  to  the  spine,  strychnia,  car- 
bonate of  iron,  zinc,  arsenic,  &c.,  or  even  without  any  treatment. 
Labaume,  Fabre-Palaprat,  Addison,  Golding  Bird,  and  Sir  Wil- 
liam Gull,  have  treated  chorea  with  static  electricity,  and  have 
been  well  satisfied  with  the  result.  Dr.  Bird  has  reported  thirty- 
seven  cases,  thirty  of  which  were  cured,  five  relieved,  one  refused 
to  continue  the  treatment,  and  only  one  was  not  cured.  He 
applied  static  electricity  to  the  spine,  and  afl&rms  that  the  rapidity 
with  which  the  patients  were  relieved  was  nearly  proportionate  to 
the  facility  with  which  the  peculiar  papular  eruption  on  the  skin 
took  place.  Sir  William  Gull,  whose  experience  agrees  with  that 
of  Dr.  Bird,believes  that  the  benefit  is  the  result  of  a  direct  stimu- 
lation of  the  blood-vessels  of  the  nervous  centres,  producing  a 
more  tonic  and  vigorous  circulation  in  them. 

Faradisation  of  the  skin  and  of  the  suffering  muscles  is  likewise 
beneficial  in  chorea.  Children  bear  this  operation  remarkably 
well.  It  is  not  necessary  to  employ  a  strong  current,  a  gentle 
application  being  sufficient. 

Benedict  has  recommended  to  apply  an  inverse  current  to  the 
spine,  for  a  minute  or  a  minute  and  a  half  continuatively,  while 
Meyer  recommends  the  intermittent  application  of  the  current  to 
the  suffering  limbs.  In  the  practice  of  the  Infirmary  for  Epilepsy 
and  Paralysis,  where  cases  of  chorea  occur  frequently,  I  generally 
use  galvanisation  and  faradisation  of  the  limbs  alternately,  together 
with  gyranastic  movements,  whereby  most  cases  recover  in  a 
short  time. 

2.  Scrivener^ s  Palsy  :  (ScJireibeJcrampf). — The  pathology  of  this 
peculiar  and  most  troublesome  affection  is  still  enveloped  in  a  con- 
siderable degree  of  uncertainty,  although  numerous  theories  have 
been  put  forward  concerning  it.  Some  observers  believe  it  to  be 
due  to  a  simple  spasm  of  the  motor  nerves  of  the  hand,  arising 
from  over- exertion,  while  others  look  upon  it  as  a  reflex  neurosis, 
originating,  not  from  the  nerves  of  the  skin,  but  from  the  sen- 
tient nerves  of  the  muscles  used  in  writins;.  Others  asrain  consider 
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it  a  symptom  of  softening  of  the  Tbrain,  or  of  granular  disintegration 
of  the  vesicular  neurine  of  the  upper  portion  of  the  spinal  cord. 

Post-mortem  examinations  of  uncomplicated  cases  of  scri- 
vener's palsj  are  as  yet  wanting,  which  is  easily  accounted  for 
by  the  affection  having  no  tendency  to  shorten  life.  In  some 
cases  where  the  nervous  system  has,  after  death,  been  examined, 
considerable  degenerative  changes  have  been  discovered  in  the 
thalamus  opticus  and  corpus  striatum ;  but  then  there  had  been 
during  life  a  whole  train  of  symptoms  foreign  to  true  scrivener's 
palsy,  and  plainly  referable  to  the  anatomical  changes  just 
mentioned.  Indeed,  some  patients  suffering  from .  scrivener's 
palsy  ultimately  die  of  hemiplegia,  or  other  nervous  affections  ; 
but  quite  as  many  of  them  succumb  to  kidney  or  liver  disease, 
or  to  acute  inflammatory  disorders  and  other  complaints,  none  of 
which  bear  any  peculiar  relationship  to  the  affection  which  we 
are  now  considering. 

In  some  diseases  the  efficacy  of  a  particular  mode  of  treat- 
ment, which  was  perhaps  resorted  to  on  purely  speculative 
grounds,  has  given  us  valuable  hints  on  the  nature  of  the  com- 
plaint for  the  cure  of  which  it  was  used.  But  even  this  source 
of  knowledge  has  until  now  been  wanting  as  far  as  scrivener's 
palsy  is  concerned,  for  as  yet  no  kind  of  treatment  appears  to 
have  given  uniformly  satisfactory  results.  Rest  has  been  largely 
prescribed,  and  is  even  now  most  strongly  recommended  by  some 
of  the  best  authorities ;  but  in  the  majority  of  cases  rest  appears 
to  be  perfectly  unavailing  for  the  cure  of  the  disease.  Of  course, 
as  long  as  patients  do  not  write,  they  are  a  great  deal  more 
comfortable  than  when  they  write  much,  or  make  futile  attempts 
to  do  so ;  but  how  many  return  to  their  desk  after  a  holiday  of 
six,  twelve,  or  eighteen  months,  during  which  they  never  touched 
a  pen,  only  to  find,  to- their  grievous  disappointment,  that  the  re- 
bellion of  the  hand  against  the  mind  continues  just  as  strong  as 
before ! 

It  is  certain  that  a  purely  medical  treatment  does  no  good  in 
scrivener's  palsy.  Everything  that  appeared  to  have  the  least 
chance  of  influencing  the  course  of  the  disease  has  been  tried, 
more  especially  the  so-called  nervine  tonics,  such  as  nitrate  of 
silver,  arsenic,  phosphorus,  alone  or  in  combination  with  iron 
and  strychnia,  bromide  and  iodide  of  potassium,  &c.,  but  without 
any  avail.  The  usual  recommendation  of  the  handbooks  to 
mprove  the  general  health  of  the  patient   is   no   doubt   well 
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meant,  but  can  hardly  be  said  to  be  useful,  as  the  general  health 
of  the  scrivener  is  almost  always  very  good  ;  and  it  seems  hard 
to  both  physician  and  patient  to  give  and  take  medicines  which 
must  be,  to  say  the  least,  superfluous.  Mechanical  contrivances 
intended  to  procure  rest  to  the  fingers,  and  to  allow  the  act  of 
writing  more  with  the  arm  than  vsafch  the  hand,  generally  prove 
useful  only  for  a  very  short  time,  sometimes  not  longer  than  for 
a  day  or  two  ;  and  after  their  use  the  suffering  is  generally 
rather  more  severe  than  it  was  before. 

Local  applications  of  liniments,  embrocations,  and  ointments, 
whatever  be  their  ingredients  ;  hot,  tepid,  and  cold  local  and 
general  baths ;  gymnastic  exercises ;  sea,  mineral  water,  and 
carbonic  acid  baths,  have  all  been  tried  and  found  wanting. 

I  am  inclined  to  look  upon  scrivener's  palsy  as  a  symptom  of 
fatigue  and  functional  irritability  of  the  co-ordinative  centres  in 
the  upper  portion  of  the  spinal  axis,  which  have  by  education 
been  trained  for  the  guidance  of  the  mechanical  act  of  writing, 
and  which,  on  being  by  the  mind  called  upon  to  act,  put  certain 
sets  of  muscles  into  harmonious,  although  unconscious,  play  for 
the  performance  of  that  act.  Over-exertion  of  these  ganglia 
must  impair  their  nutrition,  just  as  every  other  organ  in  the 
body  has  its  nutrition  impaired  by  over-exertion.  Again,  a  con- 
stitutionally feeble  condition  of  these  ganglia  may  induce  scri- 
vener's palsy  in  persons  who  have  never  written  much,  and  need 
not  write  unless  they  like.  I  have  had  two  Peers  under  my  care, 
who  would  unquestionably,  and  very  fairly  too,  object  to  be 
called  scriveners,  but  who,  nevertheless,  suffered  from  scrivener's 
palsy  in  an  exquisite  form.  In  one  of  them  it  was  dif&cult  to  make 
out  a  family  history  of  nervous  affections,  but  in  the  other  the 
following  history  was  obtained : — His  father  was  a  fidgety, 
excitable  man,  who  died  early ;  his  only  full  sister  had  for  years 
suffered  from  an  intractable  form  of  chorea  ;  his  half-sister  was 
subject  to  fits  of  depression.  The  patient  himself,  previous  to  the 
affection  coming  on,  lived  habitually  highly,  eating  rich  things, 
taking  a  full  allowance  of  wine,  besides  being  an  active  sup- 
porter of  the  turf,  which  often  produced  great  excitement. 
Under  such  circumstances  the  affection  may  develop  itself  with- 
out any  excesses  in  writing  having  taken  place. 

I  cannot  agree  with  Mr.  Solly's^  opinion,  that  the  patho- 
logical lesion  in  these  cases  is  a  granular  disintegration  of  the 

>  Surgical  Experiences.     London.  1865. 
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vesicular  neurine  of  the  spinal  cord.  If  such,  severe  anatomical 
changes  really  occurred  in  scrivener's  palsy,  it  would  be  im- 
possible to  comprehend  the  immediate  feeling  of  relief  and' 
improvement  which  is,  in  many  cases,  effected  by  one  or  two 
applications  of  the  constant  current.  From  looking  at  these: 
facts,  and  also  at  the  permanent  recovery  which  can  be  obtained 
by  a  prolonged  galvanic  treatment  such  as  will  be  presently  de- 
scribed, I  have  arrived  at  the  conclusion  that  there  are  much 
sHghter  changes  of  nutrition  than  Mr.  Solly  would  lead  us  to 
assume,  viz.  constriction  of  the  small  arteries,  dUatation  of  the 
veins,  and  slight  serous  effusions  compressing  the  nerve-cells, 
and  leading  to  imperfect  nutrition  of  the  same ;  that  is  to  say, 
changes  which  we  know  to  yield,  if  occurring  in  other  organs,  to 
the  catalytic  influence  of  the  constant  current,  which  produces  a 
proper  dilatation  of  the  blood-vessels,  and  thus  allows  serous 
effusions  to  be  absorbed,  and  the  finer  processes  of  nutrition  to 
be  fairly  carried  on. 

That  the  motor  nerves  and  muscles  do  not  suffer  in  scrivener's 
palsy  is  evident  to  the  most  superficial  examination.  The 
muscles  are  often  in  splendid  condition,  and  every  simple  move- 
ment of  the  arm  and  hand  can  be  performed  -with  the  greatest 
ease.  The  patients  generally  say  that  there  is  nothing  wrong 
with  the  hand  itself,  and  offer  to  show  you  great  feats  of  mus- 
cular power  which  they  can  accomplish  with  the  hand  and 
arm.  They  grasp  your  own  hand  with  the  power  of  a  vice  ; 
they  bang  the  table  with  force,  and  express  their  astonishment 
at  there  being  so  much  power,  and  yet  so  little  ability  for 
that  peculiar  act  which  they  desire  above  all  things  to  accom- 
plish, and  which  is  to  many  of  them  of  vital  importance,  as 
poverty  stares  them  in  the  face  in  the  event  of  their  being 
obliged  to  throw  up  their  employment. 

In  certain  cases  some  other  complicated  acts,  for  which  the 
skilful  co-ordination  of  a  number  of  muscles  is  required,  appear 
troublesome.  Some  years  ago  I  had  a  patient  under  my  care 
who  was  an  ardent  admirer  of  the  master  works  of  the  great 
classical  composers,  and  whose  only  enjoyment  after  the  mono- 
tony of  a  tedious  day's  work  consisted  in  his  evening's  play  of 
Handel,  Bach,  and  Mozart.  Six  months  after  the  first  difiSculty 
in  writing  had  appeared,  he  found  great  trouble  in  executing  a 
particular  fugue  which  had  been  his  great  delight;  and  the 
discovery  that  his  only  pleasure  in  life  would  probably  be  taken 
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away  from  him,  by  tlie  fingers  refusing  to  obey  the  mind,  made 
liim  more  wretched  than  the  thought  about  his  position  in  life, 
which  depended  in  a  great  measure  on  the  use  of  his  pen. 

It  follows  from  the  preceding  remarks  that  we  can  only  hope 
for  a  really  effective  treatment  of  scrivener's  palsy  if  we  employ 
an  agent  which  may  directly  influence  the  condition  of  those 
central  ganglia  which  are  afiected  in  this  disorder ;  an  agent 
which  must  at  the  same  time  be  tonic  and  sedative  in  its  neuro- 
therapeutical  effects  ;  which  must  have  the  power  of  restoring  the 
circulation  of  the  blood  in  the  suffering  parts  to  its  proper  con- 
dition ;  which  is  capable  of  promoting  the  absorption  of  serous 
effusions,  and  will  thus  cause  the  nutrition  of  the  maimed  ganglia 
to  be  raised  to  its  normal  standard. 

Such  an  agent  we  possess  in  the  constant  current,  which  ap- 
pears to  unite  all  the  necessary  therapeutical  requisites  for  the 
cure  of  scrivener's  palsy.  Some  German  observers,  such  as 
Niemeyer  and  others,  have  cured  patients  of  this  class  by  a 
rough  and  ready  application  of  the  current  to  the  nerves  and 
muscles  of  the  hand  and  fingers.  The  few  successes  obtained  by 
a  local  application  of  the  current  do  not  clash  with  our  theory 
of  the  central  origin  of  the  affection ;  for  if  one  fact  is  well 
established  in  electro-therapeutics,  it  is  this,  that  the  continuous 
current,  peripherally  applied,  has  the  tendency  to  travel  towards 
the  centres  of  the  nervous  system.  For  how  could  we,  to  men- 
tion only  one  circumstance,  otherwise  explain  the  sensation  of 
galvanic  taste  which  is  so  frequently  experienced  when  the  nerves 
of  the  arm  or  the  leg  are  galvanised  ? 

Local  applications  to  the  hand  are  vastly  inferior  to  the  central 
application  of  the  current.  The  seat  of  the  disease  being  in  the 
upper  portion  of  the  spinal  axis,  one  pole  should  be  apphed  to 
the  upper  vertebrae ;  while  the  knowledge  that  the  cervical  sym- 
pathetic nerve  has  a  powerful  influence  upon  the  nutrition  of  the 
whole  nervous  system  induces  us  to  apply  the  other  pole  to  the 
ganglion  cervicale  superius.  The  direction  of  the  current  is  by  no 
means  without  influence  upon  the  result  of  the  apjDlication  ;  for 
experience  shows  that  the  positive  pole  on  the  vertebras,  and  the 
negative  in  the  stylo-mastoid  fossa,  is  the  really  curative  arrange- 
ment, while  the  reverse  flow  of  the  current  does  not  do  nearly  as 
much  good.  The  current  should  be  allowed  to  act  from  five  to 
ten  minutes  at  a  time,  and  be  applied  to  both  sides  if  the  left 
hand  be  also  suffering.  Twenty  or  twenty-five  cells  of  Daniell's 
ha  tery  furnish  sufficient  power  for  this  application.     The  almost 
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immediate  relief  from  disagreeable  sensations  in  tlie  hand  and  arm 
wMcli  generally  follows  such  a  procedure  is  pleasant  to  the 
patient,  and  the  ultimate  cure  which  results,  if  the  treatment  be 
continued  for  a  suflScient  time,  a  source  of  gratification  to  the 
physician.  As  generally  all  other  means  fail  to  effect  a  cure  in 
this  most  troublesome  complaint,  I  cannot  too  strongly  recom- 
mend practitioners  to  resort  at  once  to  galvanisation  when  the 
characteristic  symptoms  of  scrivener's  palsy  have  made  their  ap- 
pearance ;  for  the  treatment  is  all  the  more  rapidly  successful 
the  earlier  it  is  employed  after  the  commencement  of  the  disease. 
Where  the  application  which  has  just  been  recommended  does 
not  answer,  Dr.  Poore's  ^  plan  of  combining  the  application  of 
the  current  with  rhythmical  exercise  of  the  hand  deserves  a 
trial.  He  has  recorded  the  case  of  a  clerk,  aged  32,  who  wrote 
a  good  hand  and  was  constantly  employed  in  copying  balance- 
sheets.  One  day  at  the  close  of  his  day's  work,  he  had  a  difii- 
culty  of  bringing  his  right  hand  down  upon  the  paper  ;  but 
managed  for  some  days  after  to  write  by  holding  his  right  wrist 
firmly  on  the  desk  with  the  left  hand.  After  that  he  could  no 
longer  do  anything,  and  had  to  leave  his  employment.  He 
then  learnt  to  write  with  the  left  hand,  but  this  also  gave  way, 
and  he  could  no  longer  earn  his  living.  Spasms  now  came  on 
in  the  right  hand  at  other  times ;  he  could  not  use  the  knife 
at  dinner,  and  broke  a  jug,  in  consequence  of  a  sudden  spasm, 
when  about  to  pour  out  some  water.  The  arm  now  became 
the  seat  of  chorea,  was  always  jerking  about,  and  bounced 
out  of  the  side  pocket  of  his  coat.  When  stripped,  the  deltoid, 
pectoralis  maj.,  biceps,  but  more  especially  the  triceps,  ipyere  seen 
to  jump  ;  the  arm  was  forcibly  extended,  and  the  triceps  as  hard 
as  a  board.  The  patient  was  enjoined  rest,  to  wear  the  arm  in  a 
sling,  and  15  grs.  of  Potass.  Brom.  ter  die.  This  did  him  good 
generally,  but  did  not  diminish  the  spasm.  A  constant  current  was 
then  applied  to  the  deltoid,  when  the  spasm  at  once  subsided  ;  and 
the  patient  was  then  made  to  elevate  or  depress  his  arm  rhyth- 
mically, the  doctor  counting  one,  two,  like  a  drill  sergeant,  and 
the  patient  keeping  time  to  the  counting.  The  pectorals  were 
exercised  by  practising  extension  movements,  and  drawing  back 
■  the  shoulders  ;  the  fingers  and  thumb  by  opposing  the  thumb  to 
every  finger  in  turn,  and  by  making  him  run  on  the  table  with  his 
fingers,  as  on  playing  the  piano.  After  these  applications,  the  arm 
was  no  longer  a  nuisance  to  him.     This  was  continued  daily  for 

'  The  Practitioner,  September  1872,  p.  129. 
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several  raontlis.  In  August  he  could  accomplisli  everytliing' 
except  writing  Avitli  ease,  and  could  also  write  tolerably  well.  It 
should  be  added  that  the  patient  also  received  a  daily  bypoder- 
mic  injection  of  one-sixtb  gr.  of  morphia. 

3.  SjJasonodic  Wry-nech,  Torticollis,  Caput  otstijoum,  consists  of 
a  convulsive  affection  of  the  spinal  accessory  nerve  of  one  side, 
wbereby  tbe  sterno-cleido-mastoid  and  the  trapezius  muscles  are 
tbrown  into  commotion.  Electricity  of  bigb  tension  as  a  counter- 
irritant,  and  induction  currents  methodically  applied  to  the  anta- 
gonists of  the  suffering  muscles,  have  effected  amelioration  or 
cure  ;  but  as  the  current  must  be  very  powerful  if  it  is  to  do  good, 
the  continuous  current  appears  preferable,  its  apj)lication  being 
far  less  unpleasant.  Where  the  emotional  character  of  the  disease 
is  very  marked,  only  little  can  be  done  by  any  treatment. 

4.  Epilepsy. — In  certain  forms  of  epilepsy,  which  resist  other 
m.odes  of  treatment,  the  continuous  galvanic  current  may  do  a 
great  deal  of  good.  Faradisation  is,  as  a  rule,  useless  in  this 
disease,  as  it  has  no  effect  on  the  nervous  centres ;  indeed,  the 
only  cases  of  epilepsy  in  which  it  has  ever  been  of  service  have 
been  those  where  the  menstrual  function  was  dormant  or  irre- 
gular, and  where  it  proved  valuable  as  an  emmenagogue.  The 
best  mode  of  applying  the  continuous  current  is  to  caxise  anelec- 
trotonus  of  the  nervous  centres,  and  of  those  peripheral  nerves  in 
the  domain  of  which  an  aura  is  repeatedly  or  occasionally  experi- 
enced. In  a  previous  edition  of  this  work  several  cases  have 
been  adduced  showing  the  effects  of  galvanisation  in  epilepsy  ;  but 
space  prevents  us  from  reproducing  them  here. 

6.  Asthma. — Dr.  Hyde  Salter^  has  spoken  strongly  against 
the  employment  of  galvanism  in  this  disease,  and  condemns  '  the 
passing  galvanic  shocks  through  the  chest.'  He  says  that  he 
has  known  this  to  do  great  harm  ;  to  bring  on  an  attack  in  a 
patient  at  the  time  free  from  asthma  ;  that  it  has,  to  his  know- 
ledge, aggravated  existing  spasm,  but  never  done  any  good.  Dr. 
Salter  is  at  a  loss  to  imagine  what  idea  could  have  suggested  the 
use  of  galvanism  in  asthma  ;  but  as  he  has  taken  great  pains  to 
prove  that  asthma  is  a  nervous  affection,  depending  upon  a 
morbid  condition,  either  of  the  pneumogastric  or  the  braia,  and 
not  upon  structural  disease  of  the  heart  or  air-passages,  I  am 
surprised  at  Dr.  Salter's  reasoning.  I  could  understand  his 
anathema  against  galvanism  in  asthma,  if  that  disease  were  due 

1  On  Asthma  :  its  Pathology  and  Treatment,  p,  317.     2nd  edit.  1868. 
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to  bronchitis,  emphysema,  or  heart-disease ;  but  as  he  has  shown 
it  to  be  owing  to  spastic  contraction  of  the  nnstriped  fibre - 
cells  animated  by  the  pneumogastric  nerve,  galvanisation  of  that 
nerve  wonld  appear  to  be  a  most  rational  mode  of  treatment. 
The  best  proceeding  is  to  cause  anelectrotonus  of  the  pneumo- 
gastric, with  which  faradisation  of  the  phrenic  nerve  may  be 
combined.  The  latter  answers  best  in  chronic  cases,  where  the 
asthmatic  attack  is  prolonged,  and  followed  by  bronchial  con- 
gestion, with  insufB.cient  expansion  of  the  thorax  and  imperfect 
aeration  of  the  blood. 

6.  SliaTcing  Palsy. — Trousseau  speaks  of  paralysis  agitans  as 
an  absolutely  incurable  disease,  and  this,  I  believe,  is  even  now 
true  for  cases  of  long  standing.  If  the  affection  be  confined  to 
one  limb,  and  the  case  be  recent,  anelectrotonus  of  the  medulla 
longata  and  the  spinal  cord  is  occasionally  of  service. 

Dr.  Russell  Reynolds'  has  cured  a  case  of  paralysis  agitans  of  the 
right  arm,  which  had  come  on  suddenly  in  a  man  aged  57,  who 
had  for  two  years  before  suffered  from  occasional  tremor  of  the 
right  arm  and  leg.  He  used  the  current  of  120  links  of  Pulver- 
macher's  chain  battery  to  the  arm,  for  half-an-hour  or  an  hour 
each  time.  There  was  improvement  after  the  first  application, 
and  after  five  the  spontaneous  jactitation  completely  ceased. 
The  fact  of  the  palsy  having  only  lasted  a  fortnight,  and  being 
confined  to  one  limb,  would  naturally  make  the  case  a  most 
favourable  one  for  galvanic  treatment. 

7.  Tetanies. — Dr.  Mendel,^  of  Berlin,  has  recorded  the  case  of  a 
girl  aged  4,  who  had  been  run  over  by  a  cart  on  May  17,  1868, 
and  suffered  comminutive  fracture  of  both  phalanges  of  the  right 
thumb,  as  well  as  some  minor  injuries.  The  father  of  the  child 
dressed  the  wound  himself,  and  when,  eight  days  afterwards,  the 
crushed  finger  was  only  connected  with  the  hand  by  a  small  brido-e 
of  skin,  he  cut  this  through.  The  general  condition  of  the  child 
appeared  then  satisfactory.  Six  days  afterwards,  however,  dif- 
ficulty of  swallowing  came  on,  the  teeth  could  not  be  separated, 
and  the  muscles  of  the  neck  became  rigid.  A  centigramme  of 
opium  was  given  every  two  hours,  without  any  result ;  on  the 
contrary,  tetanus  became  developed,  fresh  sets  of  muscles  being 
successively  seized  by  clonic  contractions,  while  those  previously 
affected  remained  in  tonic  contraction. 

'  The  Lancet,  1859.     Vol.  ii.  p.  558. 
-  Berliner  klinische  Wochenschrift,  Sept.  21,  1868. 
P  P 


578  ELECTRO-THEEAPEUTICS  chap.  v. 

On  June  12  the  little  patient  had  a  pnlse  of  132,  the  tempera- 
ture in  the  rectum  being  103'5°  Fahr.  She  was  lying  on  her 
back,  moaning  and  coughing  alternately ;  could  neither  sit  nor 
walk  nor  stand,  and  only  sit  up  in  bed  with  much  trouble,  and 
convulsions.  The  head  was  strongly  retroflexed  ;  the  face  livid 
and  slightly  cedematous  ;  the  pupils  slightly  dilated.  The  mas- 
seters  and  temporal  muscles  were  tetanically  contracted  on  both 
sides,  so  that  only  the  handle  of  a  spoon  could  with  difficulty  be 
inserted  between  the  teeth  ;  on  the  tip  of  the  tongue  some  abra- 
sions were  seen,  probably  from  the  impressions  of  the  teeth.  A 
few  herpetic  vesicles  were  noticed  on  the  edge  of  the  right  side 
of  the  lower  lip.  The  right  thumb  was  absent ;  on  the  right 
hand  there  was,  above  the  os  metacarpi  poUicis,  which  was  j)re- 
served,  a  wound  of  the  size  of  a  bean,  covered  with  abundant 
granulations.  The  hand  was  flexed  at  a  right  angle,  and  slightly 
supinated ;  the  fingers  were  flexed.  It  was  impossible  to  change 
the  position  of  the  hand  or  the  fingers,  even  if  great  force  was  used. 
The  muscles  of  the  fore- arm  and  arm  were  rigid,  while  the  left 
arm  was  in  its  normal  condition. 

The  trapezii,  on  both  sides,  but  more  especially  the  right  one, 
were  rigid  and  swollen  ;  the  head  could  not  be  moved  to  either 
side ;  the  muscles  of  the  back,  more  especially  the  i-ight  rhom- 
boides  major,  were  tonically  contracted.  The  muscles  of  the 
abdomen  were  in  their  usual  condition,  but  those  of  both  thighs 
harder  than  usual ;  both  feet,  more  especially  the  right,  had  as- 
sumed the  highest  degree  of  pes  equinus.  The  muscles  of  the 
calf  were  as  hard  as  a  board  ;  the  position  of  the  foot  could  not 
be  altered  by  employing  mechanical  foi'ce.  Whenever  the  body 
was  somewhat  strongly  touched,  opisthotonus  ensued. 

An  examination  of  the  chest  showed,  to  the  right  and  pos- 
teriorly, moist  sounds,  which  were  more  feebly  perceptible 
anteriorly.  The  left  lung  was  not  affected.  The  urine,  which 
was  scanty  and  passed  into  bed,  contained  a  large  amount  of 
urates,  but  neither  albumen  nor  sugar.  There  was  some  con- 
stipation. The  constant  current  was  now  used,  and  all  internal 
remedies  were  omitted.  The  anode  of  a  battery  of  eight  cells 
of  Kriiger  and|Hirschmann  (Daniell's)  was  applied  to  the  ex- 
ternal side  of  the  right  fore-arm,  and  the  negative  to  the  cervical 
spine.  Almost  immediately  after  closing  the  circuit  it  was  pos- 
sible to  move  the  hand  freely  in  all  directions  ;  the  tetanus  in  the 
muscles  of  the  fore-arm  having  for  the  time  disappeared.     The 
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anode  applied  in  the  same  manner  to  the  muscles  of  the  left  calf, 
and  the  cathode  applied  to  the  lumbar  spine,  appeared  to  have 
no  effect  on  the  muscles,  the  ankle-joint  remaining  fixed.     The 
anode  was  then  applied  to  the  anterior  part  of  the  leg,  close 
above  the  joint,  after  vyhich  the  foot  vs'as  easily  movable,  in  every 
direction.     The  same  proceeding  was  repeated  on  the  right  leg. 
When  the  anode  was  placed  upon  the  tetanic  muscles,  no  effect 
was  produced,  but  on  being  applied  to  the  front  of  the  leg,  the 
tetanus  ceased  at  once.     The  muscles  of  the  jaw  did  not  yield 
so  readily,  although  the  anode  was  successively  placed  on  various 
points  of  the  face ;  and  only  when  it  was  directed  to  the  left 
infra-orbital  nerve,  the  mouth  could  be  opened  a  little  further. 
The  electrodes  having  afterwards  been  applied  to  the  muscles  of 
the  neck,  the  tetanus  ceased  there  likewise,  and  the  head  became 
movable  in  every  direction. 

The  whole  application  lasted  about  fifteen  minutes,  and  the 
nauscles  remained  relaxed  after  the  application.  On  the  follow- 
ing day,  the  improvement  continued,  there  was  greater  flexibility 
of  all  the  muscles  of  the  extremities  ;  neither  the  flexors  of  the 
fore-arm,  nor  the  gastrocnemii  were  as  rigid  as  before  ;  the  posi- 
tion of  the  head  and  back  was  better,  and  the  mouth  was  so  far 
■opened  that  a  finger  could  be  inserted  between  the  teeth.  The 
joints  were,  however,  somewhat  stiffer  than  they  had  been  im- 
mediately after  the  first  application.  The  induced  current  was 
now  used,  in  order  to  see  whether  this  would  have  any  effect, 
but  the  muscles  remained  exactly  in  the  same  condition  as 
before,  and  the  irritation  produced  fresh  reflex  spasms.  The 
little  patient  was  now  again  treated  with  the  constant  cuirent, 
as  on  the  preceeding  day,  and  the  same  result,  viz.  immediate  re- 
laxation of  the  rigid  muscles,  was  obtained. 

The  day  after  (June  14)  the  pulse  had  gone  down  to  112,  and 
the  temperature  to  99'3°  Fahr.  The  child  had  slept  at  night, 
the  cough  and  other  symptoms  of  bronchitis  were  less ;  there 
was  some  appetite ;  the  mouth  was  so  far  open  as  to  allow  the 
introduction  of  the  thumb.  There  was  still  slight  rigidity  in  the 
muscles  of  the  right  fore-arm,  and  both  legs,  but  some  little  force 
was  sufficient  to  overcome  it.  The  position  of  the  head  and 
back  was  satisfactory.     The  constant  current  was  again  used. 

June  15. — The  child  had  had  a  good  night,  had  eaten  a  roll, 
could  put  her  feet  to  the  ground,  and  had  walked  a  few  steps 
on  being  supported. 

p  p  2 
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June  16. — The  general  condition  mucli  improved. 

June  17. — The  head  was  freely  movable  in  every  direction; 
the  tongue  could  be  put  out ;  the  child  could  stand  upright. 
The  muscles  of  the  back  and  the  extremities  were  soft  and 
flexible.  There  was  some  oedema  round  the  ankles.  General 
condition  satisfactory.     Galvanisation  repeated. 

June  18. — Sleep  and  appetite  good  ;  the  fingers  of  the  right 
hand  still  slightly  contracted  and  flexed.  No  trace  of  tetanus 
left ;  galvanisation  repeated  for  curing  the  contraction  of  the 
fingers.  Within  a  week  this  result  was  likewise  obtained.  In 
this  case  the  relief  caused  by  the  application  of  the  constant 
current  was  so  immediate  and  decided,  that  no  doubt  about  the 
real  efficacy  of  the  remedy  could  be  entertained. 

Dr.  Mendel  has  also  recorded  a  case  of  idiopathic  tetanus  in  a 
girl  aged  11,  in  which  the  constant  current,  within  ten  days, 
completely  overcame  the  afiecfcion.  In  this  case  he  found  that 
when  the  anode  was  placed  to  the  second  or  third  lumbar 
vertebra,  and  the  cathode  to  the  sternum,  the  abdominal  muscles 
were  at  once  relaxed.  He  recommends  the  use  of  a  gentle 
current,  the  anode  being  directed  to  the  antagonists  of  the 
afi'ected  muscles.  The  current  thus  applied  seems  to  act  rather 
on  the  sentient  than  on  the  motor  nerves,  for  no  contractions  are 
visible,  while  the  excessive  irritability  of  the  sentient  nerves  is 
subdued. 

Onimus  and  Legros  ^  have  been  equally  successful  in  a  bad 
case  of  traumatic  tetanus  ;  but  it  is  not  so  convincing  as  Dr. 
Mendel's,  because  large  doses  of  hydrate  of  chloral  were  given  at 
the  same  time.  In  this  case  the  wound  was  inflicted  by  a  circular 
saw,  which  opened  the  joint  formed  by  the  first  and  second 
phalanges  of  the  left  thumb.  Symptoms  of  trismus  appeared 
ten  days  afterwards,  and  were  followed  by  tetanus.  Digitalis, 
chloral,  and  bromide  of  potassium  were  given,  and  the  patient 
got  rather  better ;  but  as  he  continued  in  a  bad  condition  seven- 
teen days  after  the  injury,  the  muscles  of  the  neck,  chest,  and  ab- 
domen being  strongly  contracted,  and  respii-ation  purely  ab- 
dominal, anelectrotonus  of  the  cord  was  produced,  the  application 
lasting  forty-five  minutes.  The  contracted  muscles  became 
almost  immediately  relaxed,  and  respiration  became  thoracic. 
The  patient  was  constantly  kept  under  the  influence  of  chloral, 
and  slept  almost  the  whole  time  of  his  illness.     On  one  occasion 

'  Loc.  cit.  p.  408. 
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he  liad  a  fainting  fit ;  respiration  and  the  heart's  action  ceased 
for  a  whole  minute,  and  he  was  covered  with  a  cold  sweat ;  the 
current  was  at  once  applied  to  the  spine,  and  respiration,  at  first 
stertorous,  as  in  an  epileptic,  hecame  gradually  re-established ; 
the  pulse,  which  had  disappeared,  returned,  heating  eighty-eight 
times  in  the  minute.  The  current  was  generally  applied  once  or 
twice  a  day  for  an  hour  or  even  two  hours  at  a  time  for  fifteen 
•days,  after  which  the  patient  was  convalescent. 

8.  HydropJwhia. — Several  Italian  authors  have,  in  the  com- 
mencement of  the  present  century,  published  cases  of  hydro- 
phobia cured  by  galvanism  ;  but  these  records  are  worthless. 
More  recently  Signor  Schivardi^  has  published  a  case  of  this 
disease  which  was  treated  under  the  supervision  of  a  committee 
of  medical  men  in  Milan  appointed  to  study  hydrophobia,  and  of 
which  the  following  is  an  abstract : — 

A  girl,  aged  9,  was  bitten  by  a  suspicious  dog  on  March  15, 
1866.  There  were  three  wounds  on  her  head,  and  one  on  the 
right  hand,  which  were  not  cauterised,  but  merely  treated  with 
:an  ointment,  and  healed  spontaneously.  The  first  symptoms  of 
hydrophobia  came  on  on  Apiil  27.  Two  days  afterwards  she 
was  received  into  the  hospital.  The  committee  agreed  that  the 
continuous  current  should  be  used,  and  the  cathode  of  twenty- 
two  cells  of  DanieU's  battery  was  applied  to  the  forehead,  the 
anode  being  directed  to  the  feet. 

This  current,  which  deflected  the  needle  to  an  angle  of  34°, 
was  for  four  days  uninterruptedly  sent  through  the  body  of  the 
patient  (?).  The  result  was  that  the  pulse  became  more  quiet, 
the  patient  slept,  and  the  throat- spasms  decreased  so  much  that 
she  could  eat  and  drink  again.  On  the  sixth  day  of  the  disease, 
after  eighty  hours'  galvanisation,  the  gu-l  had  lost  every  symp- 
tom of  hydrophobia,  and  electricity  seemed  to  have  mastered  the 
disease ;  but  the  patient  was  now  in  a  state  of  prostration  and 
somnolence.  The  committee  refused  to  administer  stimulants. 
The  weakness  increased  during  the  next  few  days.  The  pulse 
became  rapid,  there  was  profuse  perspiration,  no  appetite,  loss 
of  consciousness,  diminished  quantity  of  urine,  which  was  alka- 
line, and  a  rod  with  hydrochloric  acid  approached  to  the  mouth 
of  the  patient  was  covered  with  white  fumes.  She  died  seven 
days  and  seven  hours  after  the  first  symptoms  of  hydrophobia 
had  set  in,  of  ursemic  poisoning  of  the  blood. 

'  Gaz.  med.  ital.  Lombard.'No.  22,  1866. 
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Signer  Scliivardi  thinks  that  this  patient  might  have  recovered 
if  stimulants  had  been  given ;  but  this,  of  course,  is  only  an 
opinion.  The  sym/ptoms  of  hydrophobia  were  evidently  relieved, 
but  the  poison  killed  the  patient  just  as  well  as  if  no  treatment 
had  been  adopted.  This  would  be  analogous  to  the  case  of 
Ranke's  frogs,  which,  after  being  poisoned  with  strychnia,  could 
be  kept  free  from  convulsions  by  the  use  of  the  continuous 
current,  but  died  nevertheless  of  the  systemic  effects  of  the 
poison. 

9.  Stammering. — The  best  mode  of  treating  stammering  is 
systematically  to  educate  the  vocal  and  respiratory  organs  ;  but 
the  continuous  current  may  be  of  service  in  conjunction  with 
it. 

Case  43. — An  intelligent  boy,  aged  9,  one  of  ten  children,  was 
sent  to  me  in  January  1868.  His  general  health  was  tolerably 
good,  but  ever  since  his  fourth  year  he  had  suffered  from  defec- 
tive speech.  He  could  only  talk  fluently  when  he  was  excited, 
but  otherwise  he  stammered  very  much.  He  complained  of 
headache  and  occasional  dizziness,  and  the  pupils  were  ex- 
cessively large.  Having  some  suspicion  of  masturbation,  I 
examined  the  sexual  organs,  and  found  a  high  degree  of  conge- 
nital phimosis  which  appeared  to  produce  considerable  irritation. 
I  therefore,  before  resorting  to  any  further  treatment,  sent  him 
to  Mr.  Curling  to  be  circumcised,  which  was  done  in  February 
1868.  In  consequence  of  this  operation  the  general  health  im- 
proved, but  the  spasm  in  the  throat  remained  as  bad  as  ever.  I 
therefore  now  applied  the  continuous  current  to  the  laryngeal 
nerves  continuatively,  giving  at  the  same  time  directions  for  a 
gymnastic  education  of  the  voice.  After  two  months'  treatment, 
the  patient  attending  twice  a  week,  he  was  very  much  improved  ; 
and  when  I  saw  him  again  four  months  afterwards,  he  spoke  as 
well  as  could  be  wished. 

10.  Facial  spasm:  (Jiistrionic  spasm,  tic  convulsif.') — This  affec- 
tion, which  is  owing  to  irritation  of  one  or  several  branches  of 
the  fifth  pair  of  cerebral  nerves,  resists  all  purely  medicinal 
treatment.  Neurotomy  of  the  portio  dura,  which  has  sometimes 
been  performed  for  the  cure  of  it,  I  should  consider  bad  practice, 
as  it  produces  paralysis  instead  of  spasm,  the  former  being  a 
greater  inconvenience  than  the  latter.  On  the  other  hand, 
the  excision  of  a  small  piece  from  that  branch  of  the  fifth  nerve, 
the  irritation  of  which  produces  the  spasm,  generally  cures  the 
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complaint,  witliout  paralysing  the  muscles  of  the  face.  The 
ulterior  consequences  of  neurotomy  of  branches  of  the  fifth  nerve 
in  such  cases  are  not  yet  well  known ;  but  as  it  is  almost  always 
either  the  supra-orbital  or  the  infra-oi'bital  nerve  which  has  to  be 
divided,  it  is  to  be  feared  that  the  nutrition  of  the  eye  may 
suffer  in  consequence  of  such  operations.  It  would  therefore  be 
veiy  desirable  to  have  a  less  severe  mode  of  treatment  at  our 
disposal. 

The  continuous  galvanic  current,  applied  to  the  branches  of 
the  fifth  nerve,  generally  improves  the  spasm  ;  but  seems  to  cure 
only  cases  of  recent  standing.  I  have  never  yet  succeeded  in 
curing  one  of  more  than  twelve  months'  duration  ;  while  Remak  ^ 
and  Benedict  appear  to  have  succeeded  better.  In  some  cases 
a  continuative,  and  in  others  an  intermittent,  application 
answers  best ;  and  voltaic  alternatives  appear  to  be  useful. 

v.— AN/ESTHESIA. 

Aneesthesia  may  arise  from  disease  of  the  brain,  spinal  cord,  or 
peripheral  nerves,  and  is  either  complete  or  partial.  In  some 
cases  all  the  different  kinds  of  sensations  are  lost,  but  in  others 
only  one  or  two  of  them  are  gone,  while  the  others  remain  intact. 
Thus  common  sensation  may  be  imjDaired  or  lost,  while  the 
senses  of  temperature  and  locality  are  as  acute  as  ever,  &c.  In 
m.ost  forms  of  anaesthesia  an  electric  treatment  is  of  service. 
Where  the  affection  is  due  to  effusions  compressing  the  nervous 
matter,  the  continuous  current  appears  to  be  most  effective ;  but 
where  it  occurs  from  want  of  nervous  power,  more  especially  in 
hysteria,  faradisation  of  the  skin  or  static  electricity  are  like- 
wise applicable. 

1.  Ancestliesia  of  the  Cerebral  Nerves. 

a.  Loss  of  Smell  (anosmia). — Total  loss  of  smell  is  rare,  audits 
pathology  still  somewhat  obscure.  In  some  cases  it  appears  to  be 
due  to  cerebral  disease,  while  in  others  the  olfactory  nerve  is 
compressed  by  tiTmours,  exostoses,  and  effusions. 

In  three  cases  observed  by  Dr.  W.  Ogle  ^  the  affection  occurred 
after   accidents,   and   was   owing  to   rupture    of    the  olfactory 

•  Berliner  klinische  Woehensehrift,  No.  22.     1864. 
-  Medico-Cliirurgical  Transactions,  p.  263.     1870. 
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nerves  on  their  way  from  the  bnlb  through  the  holes  in  the 
ethmoid  bone.  Bertholon  has  recorded  a  case  of  anosmia  conse- 
quent upon  rheumatism,  and  which  was  cured  by  static  electri- 
city. Kreyenhoff  obtained  a  similar  good  result  in  a  case  of 
hemiplegia,  complicated  with  loss  of  smell.  Duchenne  mentions 
that  he  has  frequently  used  faradisation  of  the  mucous  membrane 
of  the  nose  for  restoring  the  lost  smell,  and  has  generally  been 
successful.  I  have  seen  a  case  of  anosmia  which  came  on  in  a 
gentleman,  aged  39,  without  any  apparent  cause.  He  was  of  a 
strumous  constitution,  and  said  that  as  a  boy  he  had  been  con- 
stantly bled,  leeched,  and  mercurialised.  He  never  had  had 
syphilis,  nor  had  he^been  subjected  to  any  accident.  There  was 
a  general  want  of  tone,  with  a  slow  pulse  (mostly  58.)  I  gave 
him  iron,  and|  applied  the  continuous  current  by  means  of  a 
nasal  conductor  to  the^Schneiderian  membrane.  After  a  few 
such  applications,', he  smelt  Eau  de  Cologne  and  other  perfumes, 
which  he  could  not  smell  before. 

b.  Atiiblyopia ;  amaurosis ;  weakness  of  sight  from  imperfect 
nutrition  of  the  optic  nerve. — Amaurosis  was  much  more  frequently 
diagnosed  before  the  introduction  of  the  eye-mirror  into  ophthal- 
mic practice,  than  it  is  at  present.  Von  Grraefe  ^  excludes  from 
this  denomination  all  disturbances  of  sight  dependent  upon 
material  changes  in  the  refractive  media,  in'  the  internal  tunics 
of  the  eye,  and  also  neuro-retinitis  and  embohsm  of  the  central 
artery  of  the  retina.  He  confines  the  term  amaurosis  to  cases 
of  blindness  frora  primary  or  degenerative  atrophy  of  the  optic 
nerve,  while  he  understands  by  '  amblyopia  '  that  impairment  of 
vision  which  is  produced  by  irregularities  in  the  circulalion,  and 
which  may  in  the  end  lead  to  primary  atrophy  of  the  optic  nerve. 

The  medicinal  treatment  of  these  affections  generally  yields 
only  little  result.  The  various  forms  of  electricity  have  often 
been  used,  and  sometimes  with  advantage.  De  Saussure  obtained 
a  cure  of  amaurosis  by  shocks  of  static  electricity  directed  from 
the  eye-ball  to  the  neck  ;  while  Magendie  and  Person  were  suc- 
cessful with  magneto -electricity.  M.  Lesueur^  has  recorded  a 
case  of  complete  amaurosis,  but  where  the  mobiHty  of  the  iris 
had  not  suffered,  and  which  was  nearly  cured  by  electro-mag- 
netism. He  applied  one  moistened  conductor  to  the  closed  eye, 
and  the  other  to  the  neighbourhood  of  the  orbit,  the  neck,  and 

'  J.  Soelberg  Wells's  Treatise  on  Diseases  of  the  Eye,  p.  396. 
-  Joiirnal  des  Connaiss.  med.,  10  mars,  1861. 
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tlie  scalp.  The  operation  lasted  four  minutes.  The  patient  dis- 
continued the  treatment  before  she  was  quite  cured,  but  at  the 
end  of  it  she  could  read  a  test-type  three  milHmetres  high.  Un- 
fortunately M.  Lesueur  did  not  examine  his  patient  with  the 
ophthalmoscope,  so  that  we  have  no  accurate  information  on 
the  nature  of  the  disease. 

Mr.  Dunn,^  of  Crick,  Derby,  has  recorded  a  case  of  loss  of  sight 
in  a  servant  girl,  aged  15,  free  from  symptoms  of  hysteria,  who, 
while  engaged  with  her  work,  fell  and  struck  her  eye  upon  a 
round  knob  of  the  stair  balusters.  The  eye  became  much  swollen 
and  inflamed.  The  patient  could  see  imperfectly  after  the  acci- 
dent, but  the  following  morning  she  was  totally  blind  on  the 
injured  side.  Mr.  Dunn  saw  her  three  weeks  afterwards,  when 
the  eye  looked  perfectly  healthy,  all  traces  of  inflammation  having 
disappeared.  Supposing  it  to  be  a  case  of  concussion  and  sub- 
sequent paralysis  of  the  retina,  he  passed  a  gentle  magneto- 
electric  current  through  the  eye,  using  his  finger  as  electrode. 
An  immediate  improvement  took  place ;  the  sight  gradually  re- 
turned, and  in  five  minutes  the  girl  read  large  capitals  with  the 
afiected  eye.  Faradisation  was  twice  repeated,  and  after  the  last 
application  one  eye  was  as  good  as  the  other.  -  In  this  case  also 
no  ophthalmoscopic  examination  of  the  eye  was  made. 

Duchenne  recommends  faradisation  for  amaurosis ;  but  the 
continuous  current  would  seem  to  be  |3referable  on  account  of  its 
powerful  physiological  action  on  the  optic  nerve.  It  has  not  yet 
been  fairly  tried,  and  it  appears,  therefore,  very  desirable  that  a 
systematic  use  of  it  should  be  made  in  one  of  our  numerous 
ophthalmic  hospitals,  in  order  to  lead  us  to  definite  conclusions 
about  its  actual  value.  An  examination  of  the  eye  by  means  of 
the  ophthalmoscope  should  always  precede  the  galvanic  treat- 
ment. 

Dr.  Pye-Smith  -  has  treated  a  series  of  cases  in  Guy's  Hospital, 
in  which  an  ophthalmoscopic  examination  had  been  made.  He 
used  between  ten  and  twenty  cells  of  Daniell's  battery,  the  elec- 
trodes terminating  in  small  sponges  soaked  in  warm  water.  The 
cathode  was  placed  on  the  skin  behind  the  ear,  and  the  anode  to 
the  closed  eyelid  of  the  same  side  or  to  the  brow.  Ophthalmos- 
copic examination  during  the  passage  of  the  current  showed  in 
all  cases  the  veins  of  the  retina  to  be  congested  after  the  first 

»  The  Lancet,.  November  1867. 

-  Brit.  Med.  Journ.,  May  18,  1872. 
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second  (during  whicli  they  sometimes  appeared  to  be  partially 
emptied),  and  to  remain  so  till  the  interruption  o£  the  circuit, 
when  they  gradually  resumed  their  natural  fulness.  This  effect 
was  observed  even,  when  no  flash  was  perceived  by  the  patient. 

The  patients  were  galvanised  every  Tuesday,  Thursday,  and 
Saturday.  The  current  was  usually  passed  six  times  at  each 
sitting,  for  eight  or  ton  seconds  each  time,  with  intermissions  of 
an  equal  period. 

On  closing  the  circuit  with  ten  cells,  the  healthy  eye  perceived 
a  round  central  illumination  of  the  size  of  a  sixpence,  irregularly 
circular,  and  of  a  blue  tint.  The  impression  lasted  about  five 
seconds,  and  then  gradually  faded  away.  On  interrupting  the 
circuit,  a  momentary  flash  was  perceived  over  the  entire  field. 
These  efiects  were  more  marked  when  the  eyes  were  shut. 

The  number  of  cells  employed  was  determined  by  the  fiashes 
j)erceived,  the  smallest  number  being  used  that  produced  in  each 
case  any  illumination  ;  and  where  no  flashes  were  perceived,  an 
unbearable  amount  of  burning  at  the  electrodes,  or  the  occurrence 
of  giddiness,  served  to  limit  the  number. 

The  following  is  one  of  the  cases  recorded  by  this  observer  : — 

J.  I.,  aged  42,  a  wheelwright,  was  admitted  December  12, 1871. 
His  general  health  was  good,  except  for  an  attack  of  quotidian 
ague  twelve  years  ago.  He  had  been  in  the  habit  of  smoking 
about  two  ounces  of  shag  per  week.  His  sight  began  to  fail 
nearly  five  years  ago.  He  went  to  the  Ophthalmic  Hospital,  and 
attended  as  an  out-patient  for  three  years,  taking  medicine  daily. 
The  sight  continued  to  fail  during  this  period,  but  the  patient 
was  able  to  keep  at  work  till  the  end  of  that  time,  and,  till  the 
last  few  months  of  it,  to  read.  He  frequently  had  severe  occipital 
headache.  He  came  to  Guy's  Hospital  as  out-patient  nearly  two 
years  ago,  when  both  optic  discs  were  found  to  be  white;  he  had 
attended  ever  since,  giving  up  smoking,  and  taking  one-third  of 
a  grain  of  pilula  opii  three  times  a  day.  His  sight  had  continued 
to  become  worse.  During  the  last  year  he  had  felt  ill  and  nervous. 
Since  his  sight  began  to  fail,  he  had  had  about  half-a-dozen  attacks 
of  frequent  shivering  followed  by  vomiting,  lasting  for  a  day  or 
two,  and  then  passing  off.  On  admission  he  was  very  tremulous. 
He  could  just  distinguish  windows  with  each  eye,  but  could  not 
count  the  panes.  He  considered  the  right  his  best  eye.  He 
stated  that  he  saw  best  in  a  dull  light,  and  that  he  was  able 
occasionally  to  see  the  time  by  a  large  clock  for  a  minute  or  two, 
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and  tlien  tlie  sight  became  dim  again.  The  tension  of  the  right 
eye  was  slightly  above  the  normal.  The  pupils  were  dilated 
and  sluggish.  On  ophthalmoscopic  examination  both  eyes  were 
found  hypermetropic.  The  right  optic  disc  was  well-defined, 
bluish- white,  with  very  white  centre ;  its  vessels  were  slightly 
displaced  to  the  nasal  side ;  the  arteries  were  small  and  few. 
The  left  optic  disc  was  well-defined,  bluish- white  ;  the  arteries 
were  very  small  and  few ;  the  veins  few  and  half  empty.  The 
retina  was  rather  anaemic.  There  was  a  small  floating  opacity  in 
the  vitreous  body.  Both  eyes  were  galvanised  twenty- three  times 
— i.e.  on  twenty  three  different  days;  each  day,  as  before  stated, 
the  current  was  passed  about  six  times  through  each  optic  nerve. 
A  battery  of  twenty  elements  was  used.  A  flash  was  usually 
perceived  on  closing  the  circuit,  and  a  '  dark  flash '  on  interrupting 
it.  Occasionally  slight  headache  was  produced,  but  the  trembling 
disappeared  in  a  week  or  so.  After  the  fourth  apphcation  the 
patient  was  able  to  see  the  seats  in  the  grounds ;  after  the  seventh 
he  could  count  the  panes  of  a  window  upwards,  but  not  from  side 
to  side ;  after  the  seventeenth  apphcation  he  was  able  to  read 
'  Operation  Room,'  painted  in  letters  about  three  inches  high 
over  a  door  in  the  ward.  He  could  now  always  see  the  time  by 
a  large  white-faced  clock,  and  could  see  his  way  about  the  grounds 
much  better  than  at  first.  On  January  18  he  was  seized  with 
one  of  his  attacks  of  vomiting,  shivering,  and  loss  of  appetite. 
The  sight  was  a  good  deal  impaired  for  several  days,  but  the  gal- 
vanism was  continued,  as  he  was  very  anxious  for  it.  His  sight 
was  examined  again  on  January  31.  He  could  now  see  the  paths 
in  the  grounds,  people  as  he  met  them,  a  white  stone  sun-dial  out 
of  doors,  the  time  by  the  clock,  and  could  count  the  panes  of  a 
window  in  both  directions  with  either  eye.  Ophthalmoscopic 
examination  showed  no  marked  change.     (See  table  on  p.  588.) 

Mr.  Kiddle  has,  in  the  same  hospital,  tried  the  effects  of  the 
continuous  current  on  five  female  and  six  male  patients,  and  has 
obtained  entirely  negative  results.  This  is  so  contrary  to  my 
experience,  that  either  the  worst  cases  must  have  been  selected, 
or  the  method  of  application  have  been  injudicious. 

My  own  experience  in  angemia  of  the  optic  nerves  is  that  most 
cases  improve,  but  I  cannot  boast  of  a  single  cure.  I  believe  that 
the  results  will  eventually  become  better  than  they  are  now, 
because  galvanisation  will  be  resorted  to  at  an  earlier  stage  of 
the  complaint  than  is  generally  done  now,  and  because  I  hope 
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that  our  mode  of  conducting  the  treatment  will  be  more  effective. 
It  is  of  no  use  to  continue  the  treatment  indefinitely,  but  the 
current  should  be  used  daily,  or  at  least  four  times  a  week,  for  a 
month.  It  should  then  be  discontinued,  and  a  month's  interval 
allowed,  after  which  it  should  be  resumed  in  the  same  manner  as 
before.  I  think  Dr.  Pye-Smith  has  applied  the  current  too  short 
a  time,  five  or  six  minutes  being,  according  to  my  experience, 
better  than  one  minute. 

In  weahiess  of  sight,  without  structural  lesions,  and  which 
might  perhaps  merge  into  amblyopia  or  amaurosis  if  allowed  to 
go  on  unchecked,  the  constant  current  often  produces  excellent 
results.  I  have  seen  a  number  of  such  cases  which  were  due 
either  to  over-exertion  of  the  eyes  in  reading  and  drawing,  or  to 
the  general  malnutrition  of  advancing  age,  and  in  which  the  gal- 
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vanic  treatment  rapidly  restored  the  eyesight  to  its  normal 
strength.  Some  of  these  cases  were  complicated  with  photo- 
phobia, which  yielded  to  the  same  remedy. 

c.  Loss  of  Taste  is  generally  due  to  an  aflPection  of  the  third 
branch  of  the  fifth,  or  of  the  glosso-pharyngeal  nerve,  or  the 
chorda  tympani ;  and  if  remediable,  yields  to  the  influence  of 
the  continuous  current. 

d.  Nervous  Deafness. — Cases  not  unfrequently  occur  in  which 
there  is  a  defect  of  the  power  of  the  brain  or  the  auditory  nerve 
to  receive  or  appreciate  sounds,  without  any  physical  alterations 
of  the  organ  of  hearing.  Such  may  be  properly  called  cases  of 
'  nervous  deafness.' 

The  affection  is  often  accompanied  by  general  debility,  and 
seems  to  arise  from  causes  which  have  a  tendency  to  weaken  the 
tone  of  the  nervous  centres,  such  as  grief,  anxiety,  sleeplessness, 
over-exertion  of  mind  or  body,  and  exhaustive  discharges.  I 
have  likewise  seen  it  come  on  during  convalescence  from  acute 
diseases,  such  as  typhoid  fever.  Nervous  deafness  yields  some- 
times to  galvanisation  or  faradisation. 

M.  Bonnafont^  has  recommended  electro-puncture  of  the  mem- 
brana  tympani  for  cases  of  nervous  deafness.  He  illumines 
the  membrane  by  means  of  a  speculum,  and  then  introduces  a 
fine  acupuncture  needle  towards  the  anterior  part  of  it,  until  it 
meets  with  an  impediment.  A  small  piece  of  cotton.- wool  is  then 
put  into  the  meatus,  in  order  to  keep  the  needle  in  its  proper 
position.  After  this,  a  silver  canula  is  introduced  into  the  eus- 
tachian tube,  where  it  is  fixed  with  a  forceps ;  and  a  fine  silver 
wire  is  then  inserted  into  the  canula,  which  is  insulated  every- 
where except  at  its  two  ends,  one  of  which  serves  as  electrode, 
while  the  other  receives  one  of  the  conducting  wires  ;  magneto- 
faradic  shocks  are  then  given. 

Dr.  H.  Campbell  ^  recommends  to  apply  the  constant  current 
for  accumulation  of  mucus  in  the  middle  ear,  which  is  caused  by 
aural  catarrh  and  followed  by  deafness.  A  fine  copper  wire,  in- 
sulated except  at  its  extremities,  is  introduced  through  the 
eustachian  tube  into  the  cavity  of  the  tympanum,  which  has  been 
previously  injected  with  warm  water,  and  a  gentle  current 
applied  to  the  contents,  which  are  quickly  decomposed  by  the 

^  Traite  theorique  et  pratique  des  maladies  de  I'oreille  et  des  organes  da 
I'audition.     Paris,  1860. 

2  Eleetro-Surgery.    London,  1872,  p.  23. 
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electrolytic  action.  At  the  same  time  the  condition  of  the  mucous 
membrane  is  so  altered  that  there  is  no  tendency  to  relapses. 

2.  Ancesthesia  from  imperfect  Cereiral  Nutrition  is  often  cured  by 
the  continuous  current : — 

Case  44. — A  gentleman,  aged  64,  widower,  accustomed  to 
generous  living,  suffered  two  years  ago  from  a  severe  cold  and 
indigestion,  after  which  he  was  frequently  troubled  by  an  un- 
pleasant sensation  of  numbness  and  coldness  in  the  left  thigh.  Of 
late  he  had  had  the  same  feeling  of  cold,  heaviness  and  numbness 
in  the  left  side  of  the  head,  especially  after  a  chill ;  and  walking 
had  become  rather  troublesome.  The  memory  was  good,  and 
although  the  patient  had  given  up  active  occupation,  there  was 
no  deficiency  in  his  power  of  application,  whenever  it  seemed  to 
be  required.  There  was  a  well-marked  arcus  senilis,  and  the 
sense  of  smell  was  defective.  My  opinion  on  this  case  was  re- 
quested by  Dr.  Allen,  of  Hyde  Park  Terrace,  in  July  1866.  We 
agreed  that  the  symptoms  could  only  be  due  to  want  of  cerebral 
power  in  the  right  hemisphere,  and  that  the  continuous  current 
should  be  used.  I  applied  fifteen  cells  to  the  head,  and  thirty  to 
the  thigh,  with  voltaic  alternatives.  After  four  such  applica- 
tions, the  sensation  of  numbness,  heaviness  and  cold  about  the 
head,  was  gone,  and  two  more  also  relieved  the  aneesthesia  of  the 
thigh. 

3.  Hysterical  Aneesthesia 

Hysterical  women  often  suffer  from  a  sensation  of  numbness, 
which  is  sometimes  fixed  in  a  limb,  or  part  of  a  limb,  but  in 
ether  instances  migrates  about  the  body.  Cases  of  this  kind  are 
generally  curable  by  faradisation.  In  November  1867,  an  hys- 
terical woman,  aged  36,  was  sent  to  me  by  Dr.  Henry  Gr. 
Wright ;  she  complained  of  numbness  in  the  nape  of  the  neck, 
the  dorsal  spine,  and  both  arms.  I  applied  the  induced  current 
to  the  parts  mentioned,  and  when  I  saw  the  patient  the  following 
day,  she  stated  that  she  had  nearly  regained  the  normal  feeling 
in  them :  three  other  applications  effected  a  cure.  In  other 
instances,  however,  a  longer  treatment  may  be  required. 

Case  4-5. — A.  C,  aged  28,  married,  was  in  July  1857  admitted 
into  Carlisle  ward,  St.  Mary's  Hospital,  under  the  care  of  Dr. 
Alderson.  Three  years  ago  she  had  suffered  from  rheumatism. 
Fifteen  months  ago  the  first  symptoms  of  her  present  illness  ajD- 
peared ;  walking  became  difficult,  she  did  not  feel  the  ground, 
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and  suffered  from,  numbness  in  the  back  and  the  lower  extremities. 
She  bad  never  had  cramps  or  twitches  in  the  leg.  She  had  been 
treated  by  cuppings,  leeches,  and  blisters  along  the  spine,  strych- 
nia, calomel,  and  galvanism.  When  I  first  saw  her,  soon  after 
her  admission,  the  skin  of  the  face,  neck,  and  arms  was  duly  sen- 
sitive, but  on  the  back  there  was  complete  anaesthesia  from  the 
seventh  cervical  vertebra  down  to  the  sacrum,  and  the  same  was 
the  case  with  the  lower  extremities.  In  walking  she  staggered, 
and  the  muscles  of  the  lower  extremities  responded  very  little 
to  the  faradic  stimulus.  There  were  no  symptoms  of  disease  of 
the  womb,  bladder,  and  rectum.  In  order  to  restore  the  lost  vitality 
to  the  sentient  nerves,  I  faradised  the  skin  of  the  back  and  of 
the  lower  extremities  with  wire-brushes.  While  in  the  normal 
state  of  the  nerves  the  faradic  stimulus  is  felt  as  soon  as  applied, 
this  patient  did  not  feel  it  until  it  had  been  applied  from  five  to  six 
seconds.  Such  was  the  case  on  the  back  as  well  as  on  the  lower 
extremities ;  but  in  the  soles  of  the  feet  no  sensation  could  be  pro- 
duced even  by  a  most  powerful  current.  I  continued  faradisation, 
and  after  six  applications  the  sensibility  of  the  back  had  become 
nearly  normal.  The  sentient  nerves  of  the  lower  extremities 
were  more  deeply  impaired  than  those  of  the  back,  and  it  took  a 
longer  treatment  to  effect  an  improvement  in  them.  The  patient 
walked  much  steadier  when  she  left  the  hospital,  although  she 
had  not  quite  recovered. 


4.  AncBstliesia  from  IJffusions,  or  Injury  to  Nerves. 

Case  46. — A  gentleman,  aged  62,  unmarried,  came  under  my 
care  in  November  1867.  Three  months  ago  he  had  had  a  sharp 
attack  of  gout  in  the  right  foot,  which  subsided  after  six  weeks' 
treatment,  when  he  first  began  to  walk  about  with  the  aid  of  a 
stick.  He  then  found  that  he  had  almost  entirely  lost  the  feeling 
in  the  sole  of  the  foot,  the  ankle,  and  the  knee-joint.  He  iised  lini- 
ments, and  the  leg  was  rubbed  and  shampooed,  but  with  no  effect. 
He  now  complained  of  a  sensation  of  numbness  and  loss  of  power 
in  the  leg.  The  prick  of  a  pin  was  not  felt  between  the  foot  and 
the  knee-joint,  and  even  in  the  thigh  it  was  felt  less  than  in  the 
thigh  of  the  other  side.  There  was  still  some  tenderness  in  the 
big  toe  and  the  ankle,  but  no  waste  of  muscular  tissue.  The 
leg  was  colder  than  the  left,  and  the  sense  of  temperature 
was  completely  gone.     The  patient  had  six  applications  of  the 
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continuous  current  intermittently  to  the  nerves  and  muscles  of 
the  thigh  and  leg,  after  which  he  had  recovered  the  sensibility 
and  the  use  of  the  extremity. 

The  following  case,  which  was  due  to  injury,  occurred  in 
Remak's  practice  :  — 

A  woman  had  injured  the  second  phalanx  of  her  left  thumb 
with  a  hatchet.  After  the  wound  was  healed,  the  top  of  the 
thumb  remained  insensible  and  numb.  Within  a  twelvemonth 
the  numbness  progressed  from  the  cicatrix  to  the  back  of  the 
arm,  along  the  course  of  the  radial  nerve,  and  in  front  along  the 
course  of  the  median  nerve  to  the  elbow ;  and  it  gradually 
thence  crept  up  to  the  neck  and  the  left  cheek.  On  these  latter 
places  and  on  the  back  of  the  arm  it  disappeared  again  after  a 
time,  but  increased  in  the  course  of  the  median  nerve,  and 
especially  in  the  tips  of  all  the  fingers.  A  curi-ent  of  from  fifty 
to  seventy  cells  of  Daniell's  battery  was  applied  to  the  cicatrix 
only,  and  the  sensation  in  the  thumb  and  the  other  fingers  was 
restored  after  four  such  operations. 

VI.— ASPHYXIA   AND   SYNCOPE. 

Hufeland^  first  proposed  the  application  of  electricity  to  the 
phrenic  nerve  in  asphyxia  of  newly-born  infants,  one  pole  being- 
directed  to  the  cervical  vertebrae,  and  the  other  to  the  pit  of  the 
stomach  ('ut  iter  nervi  phrenici  sequamur ').  The  same  idea 
occurred  sixty  years  later  to  Dr.  Marshall  Hall ;  ^  but  neither 
Hufeland  nor  Hall  seem  ever  to  have  carried  out  their  plan.  In 
1848,  Jobert  de  Lamballe  and  Ducros  made  a  number  of  experi- 
ments on  chickens,  pigeons,  and  other  animals,  in  which  anes- 
thesia by  ether  or  chloroform  had  been  produced,  and  which 
were  readily  roused  by  the  application  of  the  induced  current. 
Duchenne  ^  recommended,  in  1855,  localised  faradisation  of  the 
phrenic  nerves  for  the  cure  of  asphyxia ;  but  Ziemssen"*  was  the 
first  who,  in  1856,  used  this  method  successfully. 

A  servant-girl,  aged  27,  was  found  in  her  bed  early  one 
morning,  asphyxiated  by  charcoal-fumes.  Counter-irritation  of 
the  skin  proved  unavailing  in  inducing  respiration;  and  when 

'  De  Tisu  viris  electricse  in  Asphyxia.     Gottingae,  1783. 

-  On  the  Diseases  and  Derangements  of  the  Nervous  System.   London,  1841. 

'  De  I'electrisation  localis^e,  p.  738. 

*  Die  Electricitat  in  der  Medicin,  1st  edition,  1857,  p.  49. 
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Ziemssen  was  called  in,  the  pulse  and  respiration  were  almost 
imperceptible ;  tlie  skin  was  getting  pale,  the  temperature  of  the 
extremities  low,  and  the  rales  in  the  trachea  more  marked.  The 
phrenic  nerves  were  now  rhythmically  faradised,  when  the  chest 
was  seen  to  expand,  the  gii"l  began  to  cough,  the  cheeks  showed  a 
faint  flush,  and  -  the  extremities  became  warmer.  Faradisation 
was  continued,  with  short  interruptions,  for  two  hours,  when 
respiration  was  fairly  re-established.  Eleven  hours  afterwards 
respiration  was  regular,  and  the  patient  was  quite  well  the  next 
day. 

Eriedbergi  has  been  equally  successful  in  a  case  of  asphyxia 
in  a  boy  aged  4,  who  was  placed  under  the  influence  of  chloroform 
in  order  to  have  a  cyst  of  the  eyelid  removed.  After  a  few  inhala- 
tions the  pulse  suddenly  became  small,  the  face  livid,  the  eye  glassy, 
the  limbs  relaxed ;  one  short  rale  was  heard,  after  which  respira- 
tion ceased.  Cold  water  was  rapidly  thrown  on  the  face  and 
chest,  ammonia  held  under  the  nose,  and  the  larynx  tickled  with 
a  sponge.  After  this  had  been  done  for  two  or  three  minutes, 
the  pulse  became  imperceptible,  the  complexion  pale,  the  lower 
jaw  dropped,  the  expression  of  the  face  was  cadaveric,  and  the 
pupils  dilated.  Artificial  respiration  by  methodical  compression 
of  the  abdomen  was  then  resorted  to  for  three  minutes,  but 
likewise  without  any  result.  Dr.  Friedberg  now  faradised  the 
diaphragm  by  putting  one  electrode  to  the  phrenic  on  the  neck, 
and  the  other  into  the  seventh  intercostal  space,  for  one  second 
at  a  time.  After  ten  such  applications,  the  first  inspiration  took 
place;  faradisation  was  then  discontinued,  and  a  second  and 
third  inspii-ation  were  seen.  After  the  third,  the  radial  pulse 
re-appeared,  and  farther  methodical  compression  of  the  abdomen 
was  now  sufiicient  for  re-establishing  respiration  and  the  heart's 
action.  In  twenty  minutes  the  child  had  fairly  recovered.  The 
operation  was  then  performed,  and  the  little  patient  slept  for  an 
hour  ;  after  which  he  appeared  perfectly  well,  and  no  further 
effects  of  the  chloroform  were  noticed. 

Ziemssen^  has  used  faradisation  of  the  phrenic  nerves  in  four 
other  cases  successfully ;  the  asphyxia  being  due  to  poisoning 
with  carburetted  hydrogen  gas,  charcoal-fumes,  and  to  freezing 
after  alcoholic  intoxication.  In  five  other  cases  which  came 
under  the  care  of  the  same  observer,  the  proceeding  failed  to  do 

'  VirchoVs  Arehiv,  vol.  xvi.  p.  527.      1859. 
*  Die  Electricitat,  etc.,  3rd  edition,  p.  180. 

QQ 
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good.  Oppenlieimer^  has  been  unsuccessful  in  a  case  of  opium- 
poisoning,  although,  he  continued  faradisation  for  three  hours. 
Mosler  and  MoUer  have  likewise  published  unsaccessfol  cases. 
Pernice^  has  used  faradisation  in  five  cases  of  apparent  death  in 
newly -bom  infants ;  in  two  of  these  the  result  was  7iil,  while 
in  three  life  was  restored. 

Dr.  Hardie,^  of  Manchester,  has  restored  life  in  two  similar 
cases  by  faradisation  of  the  phrenic  nerve.  One  was  that  of  a 
boy  aged  10,  who  was  operated  upon  for  a  cyst  on  the  shoulder- 
blade,  and  who  during  the  operation  suddenly  ceased  to  breathe, 
nor  could  the  pulse  be  felt.  He  had  a  livid  appearance,  which 
soon  passed  oS  into  pallor.  Cold  aflTusion  and  artificial  respira- 
tion having  been  tried  and  failed,  the  aspect  of  the  patient 
seemed  very  hopeless.  Faradisation  of  the  phrenic  was  now 
practised  by  Dr.  Gumpert,  upon  which  slight  and  very  super- 
ficial respiration  occurred,  and  the  heart's  movements  became 
visible.  In  three  quarters  of  an  hour  the  child  was  out  of 
danger. 

In  another  case,  that  of  a  woman  aged  42,  who  was  operated 
upon  for  secondary  cancerous  deposit  in  the  axillary  glands.  Dr. 
Hardie  was  dissecting  out  the  glands  when  the  respiratory 
movements  ceased  without  previous  stertor  or  other  warning ; 
the  patient's  face  assumed  a  death-like  pallor  with  slight  lividity ; 
the  eyes  were  staring  and  the  pupils  widely  dilated ;  the  pulse 
immediately  afterwards  became  imperceptible.  The  tongue  was 
at  once  drawn  out,  but  without  response  on  the  side  of  the  res- 
piration. The  electrodes  of  a  volta-faradic  apparatus  were 
applied  to  the  root  of  the  neck  over  the  phrenic  nerves  (cold 
afiusion  and  a  few  acts  of  compression  of  the  chest  having  in  the 
meantime  failed  to  induce  respiration).  For  a  time  there  was 
no  response,  and  the  patient's  condition  seemed  hopeless.  At 
length,  however,  a  short  gasp  came,  then  others,  which  soon 
became  deeper  and  regular ;  the  pulse  became  perceptible,  the 
colour  returned  to  the  face,  and  the  pupils  contracted.  Dr. 
Hardie  considers  that  the  boy  was  dead  three  minutes,  and  the 
woman  one ;  and  he  recommends  every  practitioner  to  make  a 
faradic  apparatus  the  invariable  companion  of  his  chloroform 
bottle. 

"  Lelirbuch  der  physicalischen  Heilmittel,  Heft  i.  p.  157. 
2  Greifswalder  medicinisclie  Beitrage,  Band  ii,  p.  1. 
»  The  Lancet,  April  27,  1872. 
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Mr,  Green, ^  of  Bristol,  has  recorded  seven  cases  of  syncope 
from  chloroform,  of  which  two  died  and  five  recovered.  In  these 
latter  magneto-faradism  was  instantly  applied  on  the  appear- 
ance of  danger,  one  electrode  heing  directed  to  the  neck,  and  the 
other  over  the  lower  ribs  at  the  left  side.  The  same  treatment 
was  used  in  the  two  fatal  cases,  but  in  the  first  of  them  other 
means  were  tried  first,  and  some  time  had  elapsed  before  the 
current  was  employed ;  in  the  second  case,  however,  it  was  used 
at  once  and  failed.  In  the  latter  case  such  extensive  fatty  de- 
generation of  the  heart  was  discovered,  that  '  when  its  action 
had  once  ceased,  no  artificial  stimulus  could  have  restored  it.' 
Galvanism  (Mr,  Green  says)  will  excite  muscle  to  contract, 
but  cannot  impart  motion  to  '  rows  of  fat,'  In  the  five  latter 
cases  which  recovered,  the  stoppage  of  all  motion  in  the  heart 
and  lungs  was  so  complete,  and  the  restoration  so  instantaneous, 
that  no  doubt  could  remain  as  to  the  value  of  the  agent  em- 
ployed. 

The  same  surgeon  justly  lays  stress  upon  the  importance  of 
having  a  faradic  apparatus  at  hand,  ready  to  act  immediately 
when  required,  as  in  many  cases  where  death  ensued,  much 
time  was  lost  by  first  using  other  means,  then  sending  for  the 
apparatus,  adjusting  and  employing  it.  Seconds  or  minutes 
may  make  all  the  difference  between  life  and  death.  Mr,  Green, 
therefore,  has  for  many  years  not  ventured  to  operate  under 
chloroform,  either  at  the  infirmary  or  in  private  practice,  without 
having  the  faradic  apparatus  ready  for  instant  use  ;  and  expresses 
the  opinion  that  chloroform  should  never  be  administered  without 
the  same  precautions  being  taken.  He  believes  that  in  his  cases 
he  had  caused  the  faradic  current  to  act  directly  upon  the  heart ; 
but  it  is  evident  from  his  description  that  he  acted  upon  the 
diaphragm,  and  thereby  caused  artificial  respiration. 

Mr.  Prichard,^  of  Bristol,  has  described  the  case  of '  a  cou- 
rageous and  energetic  old  lady,'  who  was  to  undergo  removal  of 
the  breast  for  cancer,  who  took  leave  of  her  husband — '  a  poor 
feeble-minded  old  clergyman' — ^in  the  dining-room,  and  walked 
up  to  her  bedroom  for  the  operation.  During  the  operation,  which 
was  more  than  usually  difficult,  in  consequence  of  adhesions  to 
the  fascia  and  muscle,  she  suddenly  ceased  to  breathe,  and  in- 
stantly became  quite  pulseless.    Recourse  was  had  at  once  to  the 

>  Brit.  Med.  Journ.,  May  25,  1872. 
==  Ibid.,  February  22, 1873. 
Q  O  2 
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battery,  and  in  a  short  time  siie  gasped,  and  afterwards  breathed 
again.  Her  state  appeared  to  be  one  of  excessive  and  abnost 
fatal  faintness,  and  the  effects  of  faradisation  were  marked.  The 
operation  was  completed,  and  she  did  well. 

Another  case  under  the  care  of  the  same  surgeon  was  that  of 
a  man,  aged  74,  suffering  from  a  large  strangulated  scrotal  hernia. 
After  trying  taxis,  chloroform  was  given,  and  more  attempts 
made  to  reduce  the  mass,  when  attention  was  suddenly  called 
to  the  state  of  the  patient,  whose  pulse  had  ceased  while  the  house- 
surgeon  had  his  finger  on  the  wrist,  and  all  respiratory  move- 
ments stopped  at  the  same  time.  The  old  man  appeared  to  be 
dead  for  half  a  minute ;  but  the  battery  being  at  hand,  the 
electrodes  were  appHed  to  his  epigastrium  and  the  back  of  his 
neck,  and  he  immediately  started  into  life  and  struggled  to  sit 
up.     The  hernia  was  reduced. 

Two  years  and  a  half  after  this  occurrence,  he  was  again  ad- 
mitted with  symptoms  of  acute  strangulation.  After  trying  the 
usual  means,  it  was  determined  to  operate  ;  and  the  old  man  fell 
again  into  a  death-like  syncope  at  the  first  inhalation  of  chloro- 
form. He  was  roused  by  faradism  in  the  same  way,  but  died 
three  days  afterwards  of  sphacelus  of  the  scrotum  and  integu- 
ments around. 

In  Opmrn-poisoning  the  same  treatment  has  done  good  service. 
Dr.  Lucas,^  of  Brecknock,  has  used  it  in  the  case  of  a  girl  aged  11, 
who  had  swallowed  an  ounce  and  a  half  of  laudanum,  sent  to  her 
in  mistake  for  a  black  draught.  She  soon  became  very  drowsy, 
and  in  spite  of  the  use  of  the  stomach-pump,  walking  about,  and 
sinapisms  to  the  feet  and  legs,  became  comatose,  so  that  seven 
hours  after  taking  the  poison  she  could  no  longer  be  roused  by 
shaking  or  loud  speaking ;  the  lower  jaw  dropped,  breathing  was 
stertorous,  respiration  6,  pulse  100.  Faradisation  of  the  upper 
cervical  region,  and  over  the  epigastrium,  chest,  and  face,  however, 
now  roused  her,  so  that  she  was  able  to  swallow  a  grain  of  Ext. 
Bellad.  dissolved  in  a  teaspoonful  of  water.  This  was  repeated  at 
intervals,  so  that  she  had  five  applications  of  faradism,  and  16 
grains  of  Ext.  Bellad.  in  four  hours,  when  she  appeared  out  of 
danger.  She  made  a  good  recovery.  Probably  much  good  was 
done  in  this  case  by  the  belladonna ;  but  without  faradisation  the 
patient  could  not  have  been  roused  to  swallow  anything.     (It  is 

'  Medical  Times  and  Gazette,  February  25,  1865. 
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true  that  tlie  belladonna  might  have  been  introduced  by  the 
rectum  or  by  the  skin.) 

Ziemssen  recommends  to  faradise  in  these  cases  not  only  the 
phrenicnerves,but  also  the  motor  nerves  of  those  muscles  which  act 
in  combination  with  the  diaphragm  ;  that  is,  the  branches  which 
proceed  from  the  cervical  plexus  to  the  trapezius,  levator  scapula, 
and  scalenus  medius  muscles ;  the  nervus  thoracicus  anterior, 
which  animates  the  pectoralis  major  and  minor ;  and  the  nervus 
thoracicus  posterior  and  lateralis,  which  proceed  from  the 
brachial  plexus  to  the  scalenus  medius,  serratus  anticus,  and  the 
rhomboidei.  The  electrodes  should  be  placed  there  for  about  two 
seconds  at  the  time,  in  order  to  produce  a  deep  inspiration ;  after 
which  expiration  is  effected  by  an  assistant  pressing  the  abdo- 
minal parietes  fr-om  below  upwards.  It  has  been  proposed  to 
promote  expiration  by  faradisation  of  the  abdominal  muscles,  but 
Ziemssen  is  not  in  favour  of  this  proceeding,  because  he  thinks 
it  impossible  to  produce  such  a  powerful  compression  of  the  con- 
tents of  the  abdomen  by  faradisation  as  may  be  effected  by 
mechanical  pressure  on  the  parietes,  and  by  pushing  the  dia- 
phragm upwards.  The  current  should  be  powerful  and  rapidly- 
interrupted.  If  after  the  first  few  times  no  effect  is  produced, 
the  intensity  of  the  current  must  be  further  increased,  as  other- 
wise the  excitability  of  the  respiratory  nerves  might  completely 
vanish. 

Onimus  and  Legros  ^  think  the  continuous  current  preferable  to 
faradisation.  They  have  experimented  on  rats,  mice,  rabbits,  and 
dogs,  with  ether,  chloroform,  and  nitrous  oxide  gas ;  and  have 
found  that  after  respiration  had  ceased,  and  the  animals  had  been 
apparently  dead  for  two  or  three  minutes,  a  continuous  current 
applied  to  the  digestive  tract  restored  them  to  life.  They  recom- 
mend to  place  the  cathode  into  the  mouth,  and  the  anode  into 
the  rectum,  and  to  apply  the  current  continuatively,  until  respira- 
tion and  the  heart's  action  are  quite  re-estabHshed.  A  current 
of  twenty  cells  would,  according  to  them,  be  sufficient  for  man. 
Faradisation  will,  however,  in  most  cases  be  preferable,  because  it 
is  easier  to  use,  and  when  used  at  once,  almost  invariably  seems 
to  answer. 

Dr.  Steiner,^  of  Vienna,  has  recently  recommended  farado-punc- 
ture  of  the  heart  in  preference  to  faradisation  of  the  phrenic 

'  Comptes  rendus,  etc.,  Marcli  1869. 

'^  Langenbeck's  Archiv  fiir  CMrurgie,  vol.  xii.  p.  741.    1871. 
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nerve  or  artificial  respiration.  He  considers  the  latter  means 
useful  for  asphyxia,  but  not  for  syncope.  He  undertook  experi- 
ments to  determine  wlietlier  acupuncture  of  the  heart  with  a  fine 
needle  is  dangerous,  and  found  that  in  horses,  asses,  dogs,  cats, 
and  rabbits,  pricking  the  pericardium  and  the  walls  of  the  ventri- 
cles with  a  fine  needle  is  devoid  of  danger,  and,  indeed,  hardly 
perceived  by  the  animal ;  that  if  the  ventricles  are  perforated,  the 
prick  is  also  devoid  of  danger  if  the  needle  be  left  quiet.  A  fine 
and  non-penetrating  injury  by  a  needle  leaves  hardly  any  traces 
on  the  second  day ;  if  it  has  penetrated,  all  traces  have  nearly 
disappeared  by  the  eighth  or  tenth  day.  There  is  never  pericar- 
ditis or  carditis,  unless  the  parts  are  irritated  by  taking  firm  hold 
of  the  needle,  or  by  pushing  it  about.  If  the  needle  perforates- 
the  walls  of  the  ventricles,  no  bleeding  occurs  as  long  as  it  re- 
mains in  situ ;  when  it  is  withdrawn,  drops  of  blood  are  squeezed 
out  by  each  systole  for  eight  or  ten  seconds  ;  but  not  during  diastole. 
Pricking  the  atria  is  dangerous,  as  it  causes  persistent  and 
copious  bleeding  during  systole  and  diastole.  Injury  to  one  of 
the  coronary  arteries  is  likewise  dangerous  by  causing  copious 
haemorrhage.  Taking  hold  of  a  needle  which  is  inserted  in  the 
ventricle  may,  if  the  heart's  contractions  be  powerful,  cause  a 
rupture  of  muscular  fibres,  which  may  eventually  become  danger- 
ous. If  the  point  of  a  needle  which  has  perforated  'the  ventricular 
walls  is  made  to  touch  the  opposite  inner  surface  of  the  heart — 
which  may  be  recognised  by  a  sort  of  vibration  communicated  to 
the  fingers  by  the  needle — the  muscular  substance  may,  provided 
the  heart's  action  be  energetic,  become  so  much  disintegrated  that 
sudden  rupture  may  take  place  within  a  few  minutes.  There  is, 
however,  no  place  in  the  heart  where  the  prick  by  means  of  a  fine 
needle  would  at  once  prove  fatal. 

The  apex  of  the  heart  bears  injuries  best.  Dr.  Steiner  there- 
fore recommends  to  ptincture  the  apex,  which,  according  to  his 
experiments,  is  done  by  introducing  the  needle  in  the  middle  of 
the  fifth  intercostal  space,  about  S^centimetres  from  the  left  border 
of  the  sternum.  By  acting  in  this  way,  the  left  pleura,  the 
coronary  arteries,  and  the  internal  mammary  are  avoided.  The 
puncture  should  be  made  perpendicularly,  and  should  be  3  cen- 
timetres deep  ;  in  fat  persons  rather  deeper  than  that.  All  tin- 
necessary  manipulations  of  the  needle,  more  especially  taking  hold. 
of  it  when  the  heart's  action  commences,  should  be  carefully 
avoided. 
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In  those  rare  cases  where  electro-  (or  rather  farado-)  puncttire 
of  the  heart  has  been  used,  fifteen  to  twenty  minutes  had  been 
already  wasted  by  employing  artificial  respiration  and  other 
measures,  so  that  the  excitability  of  the  heart  was  already  gone. 
No  cauterising  or  electrolytic  efiects  need  be  feared.  In  animals 
whose  heart  was  subjected  to  farado-puncture  for  fifteen  minutes 
consecutively,  no  pathological  alteration  could  be  observed  either 
soon  after,  or  for  some  days  subsequently  to  this  proceeding. 
Dr.  Steiner  beheves  that  where  faradisation  of  the  phrenic  nerve 
restored  animals  frora  chloroform  syncope,  this  was  owing  to  a 
portion  of  the  current  being  '  derived  '  from  the  phrenic  to  the 
sympathetic  or  to  the  pericardial  connective  tissue,  and  thinks 
this  the  reason  why  the  eflPects  of  faradisation  of  the  phrenic  nerve 
should  be  uncertain.  In  six  of  his  animals,  farado-puncture  was 
successful  in  rousing  the  heart's  action ;  in  ten,  the  proceeding 
failed,  but  in  seven  experiments  artificial  respiration  failed  like- 
wise. 

It  would  appear  that  the  excitability  of  the  heart  is  much 
sooner  destroyed  in  an  animal  which  has  been  killed  by  chloro- 
form than  in  another  which  has  been  killed  by  other  means,  as 
by  pricking  the  medulla  oblongata.  The  muscular  current  of 
the  heart,  investigated  in  Du  Bois'  manner,  disappears  within 
four  minutes  in  the  chloroformed  animal,  while  it  lasts  for  ten 
minutes  in  one  killed  by  injury.  In  the  muscles  of  the  extremities 
it  lasts  for  many  hours.  Sudden  paralysis  of  the  heart,  which  is 
the  cause  of  chloroform-syncope,  is  most  probably  also  the  cause 
of  fatal  asphyxia. 

Dr.  Steiner  concludes  from  his  experiments  that  farado-puncture 
of  the  heart  is  devoid  of  danger  ;  that  it  is  no  certain  remedy  for 
the  arrested  action  of  the  heart,  even  if  employed  at  once  in 
chloroform  syncope,  because  the  excitability  of  the  heart  is  rapidly 
lost  under  such  circumstances  ;  that  it  is  much  preferable  to  arti- 
ficial respiration,  which  latter  he  considers  only  beneficial  when 
the  heart's  action  is  not  yet  entirely  arrested,  and  which  then  only 
acts  by  the  mechanical  irritation  of  the  heart  produced  by  the  mani- 
pulations of  artificial  respiration.  He  recommends  to  connect 
the  needle  with  the  positive ''electrode,  and  to  put  a  moistened 
sponge  conductor  to  the  pit  of  the  stomach,  or  to  the  left  seventh 
intercostal  space.  The  current  should  ,be  weak,  and  only  act 
for  a  second  at  a  time  ;  thus  used,  he  considers  it  the  best  means 
not  only  for  restoring  the  heart's  action,  but   also  respiration. 
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The  oscillations  of  tlie  needle  whicli  appear,  the  respiratory  move- 
ments, the  pulse  which  becomes  perceptible,  must  not  induce  us 
to  discontinue  our  efforts  before  the  heart's  action  has  become 
strong  and  rhythmical.  In  this  stage  artificial  respiration,  or 
faradic  respiration,  might  be  usefully  substituted  for  farado-punc- 
ture  of  the  heart.  If  fifteen  minutes  after  commencing  farado- 
puncture  no  result  is  evident,  it  is  not  necessary  to  persevere,  as 
the  heart  must  then  have  altogether  lost  its  excitabiHty.  Farado- 
puncture  should  therefore  be  performed  immediately  in  all  cases 
of  deep  unconsciousness  with  rapidly  increasing  collapse,  when 
the  pulse  becomes  imperceptible  and  the  face  cadaverous.  Dr. 
Steiner's  conclusions,  in  the  face  of  the  numerous  successes  ob- 
tained by  faradisation  of  the  phrenic  nerve,  appear  to  us  somewhat 
dogmatic.  We  should  certainly  be  inclined  to  use  first  the  latter 
proceeding  ;  and  only  if  this  should  not  answer,  resort  to  farado- 
puncture  of  the  heart. 


VII.— HYPEE^STHESIA. 

Hypereesthesia  is  due  either  to  primary  disease  of  some  part  of 
the  nervous  system,  or  to  morbid  conditions  of  remote  organs 
which  cause  an  irritation  of  the  nerves ;  and  it  depends  upon  the 
cause  of  the  hypersesthesia  whether  it  is  amenable  to  electricity 
or  not.  Where  the  cause  cannot  be  removed  by  electricity,  only 
symptomatic  relief  can  be  afforded  by  it ;  while  a  cure  may  result 
where  the  cause  of  the  hyperassthesia  yields  to  the  electric  influ- 
ence. Thus,  for  instance,  hyperaesthesia  .may  be  caused  by  in- 
flammatory diseases  of  the  uterus,  ovaries,  and  kidneys,  or  by 
exostoses  in  the  osseous  canals  through  which  the  nerves  pass  in 
their  course  to  the  periphery,  &c.  ;  and  in  such  cases  we  cannot 
expect  electricity  to  cure  the  hyper^esthesia  altogether,  for  the 
irritation  of  the  nerves  must  continue  as  long  as  the  disease 
persists  and  progresses  in  those  parts  ;  yet  even  in  such  cases 
electricity  may  produce  relief,  °  where  medicinal  anodynes  have 
been  used  and  failed. 

In  the  milder  varieties  of  hypergesthesia  all  the  different  forms 
of  electricity  may  be  usefully  employed,  but  in  the  severer  forms 
of  it  only  the  continuous  current  affords  relief.  Static  electricity 
may  be  employed  in  the  form  of  sparks  and  slight  shocks.  Fara- 
dism  may  be  used  by  means  of  the  electric  hand  (p.  416),  which 
is  very  useful  in  some  forms  of  headache  ;  or  as  an  electric  moxa^ 
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one  wire-brush,  being  pressed  to  the  skin,  while  the  other  is  held 
at  a  small  distance  from  it,  so  as  to  cause  sparks  to  pass  from  the 
skin  to  the  wire-brush,  or  by  means  of  moistened  conductors 
applied  to  the  trunk  of  the  nerve.  Whether  volta-faradism  or 
magneto-faradism  is  used  in  such  cases,  appears  to  be  indifferent. 
K  the  continuous  current  be  used,  we  must,  as  a  rule,  cause 
anelectrotonus  of  the  suffering  nerve  by  placing  the  anode, 
connected  with  a  large  sponge,  to  the  suffering  nerve,  and  the 
negative  in  the  neighboui-hood,  or  at  a  distance,  the  application 
being  continuative  for  from  one  to  five  minutes.  In  obstinate 
cases  of  hypergesthesia  vfhich  resist  other  means,  galvano-punc- 
ture,''or  rather  electrolysis,  may  be  employed,  v/hich  is  the  most 
effective  mode  of  using  electricity  for  the  relief  of  pain. 

1.  Neuralgia  of  the  Face  (tic  douloureux)-. — There  are  two  kinds 
of  facial  neuralgia,  a  mild  one  and  a  severe  one.  The  former 
generally  comes  on  after  exposure  to  damp  and  cold,  or  after 
mental  emotions,  or  is  owing  to  caries  of  a  tooth  ;  it  is  not  made 
worse  by  moving  the  face,  and  it  occurs  at  all  periods  of  life  ; 
while  the  latter  occurs  generally  without  any  apparent  cause,  is 
almost  entirely  confined  to  advanced  age,  and  is  brought  on  or 
made  worse  by  the  least  movement  of  the  face.  The  former 
yields  to  many  remedies,  and  amongst  others  to  the  various  forms 
of  electricity  ;  while  the  latter,  as  a  rule,  defies  every  medicinal 
treatment,  and  only  appears  to  yield  to  neurectomy  and  the 
constant  current.  The  following  case  is  one  of  the  former  kind, 
and  readily  yielded  to  faradisation : — 

Case  47. — A  married  lady,  aged  28,  had  been  in  good  health 
until  May  1857,  when,  in  consequence  of  having  got  wet  through, 
she  was  seized  by  violent  pain  in  the  right  side  of  the  face,  ac- 
companied with  fever  and  general  indisposition.  The  latter 
symptoms  soon  subsided,  but  severe  shooting  pain  continued  to 
occur  in  paroxysms,  at  the  end  of  which  the  patient  was  com- 
pletely exhausted.  For  the  first  few  weeks  these  attacks  came  on 
irregularly,  about  four  or  five  times  in  the  course  of  the  day  ;  bat 
they  gradually  assumed  an  intermittent  character,  only  one  attack 
occurring  every  other  day,  between  four  and  five  o'clock  in  the 
afternoon.  Large  doses  of  quinine  and  arsenic  had  been  given, 
but  without  producing  any  effect ;  the  patient  had  also  been 
treated  by  calomel,  bichloride  of  mercury,  iodide  of  potassium, 
and  blisters.  Her  general  health  had  much  suffered,  and  she 
had  become  nervous  and  irritable.     She  now  (October  1857) 
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always  had  a  warning  that  an  attack  was  coming  on,  viz.  a  kind 
of  tickling  in  the  epigastrium,  followed  by  a  sensation  of  pins  and 
needles  in  the  face.  Soon  afterwards  the  pain  began  to  shoot 
through  the  zygomatic  bone,  the  lower  eyeKd,  the  cheek  and 
chin,  was  less  violent  on  the  nape  of  the  neck,  and  spared  the 
forehead  and  temple.  Such  an  attack  usually  lasted  about  half 
an  hour,  and  then  slowly  subsided  into  a  dull  aching  pain,  which 
continued  for  three  or  four  hours.  The  following  day  she  was 
free  from  pain,  but  on  the  third  day  there  was  another  paroxysm. 
Movements  of  the  face  did  not  increase  the  pain.  On  examina- 
tion of  the  face,  I  found  two  functa  dolorosa,  viz.  on  the  zygo- 
matic bone,  where  the  temporo-malar,  and  on  the  infraorbital 
foramen,  where  the  infraorbital  nerve  emerges  from  the  orbit : 
these  two  points  were  decidedly  tender  on  pressure  in  the  free 
interval.  I  used  faradisation,  directing  the  electrodes  alternately 
to  these  two  points,  by  means  of  moistened  conductors,  conveying 
a  rapidly-interrupted  current  to  the  suffering  nerves.  The  first 
appKcation  made  at  the  time  when  the  attack  had  just  commenced 
relieved  the  severity  of  the  pain,  but  did  not  shorten  the  duration 
of  the  paroxysm.  Two  days  after,  another  attack  came  on  in  due 
time,  but  was  then  much  shortened  by  faradisation.  On  the 
third  day  after  that,  there  were  premonitory  symptoms,  as  usual, 
but  no  attack.  Next  time  a  paroxysra  came  on  which  was  sub- 
dued in  five  minutes.  Faradisation  was  used  five  times  more, 
after  which  the  patient  appeared  to  be  free  from  the  disease.  I 
saw  her  again  in  the  beginning  of  June  1858,  when  she  told  me 
that  up  to  that  time  she  had  been  perfectly  well. 

Cases  of  that  severe  form  of  facial  neuralgia  which  Trousseau 
has  appropriately  termed  epileptiform  neuralgia,  and  which  is  also 
called  FotliergiW s  disease,  resist  the  influence  of  faradisation. 
They  yield  for  a  time  to  excision  of  a  piece  of  the  sufiering  nerve, 
but  are  apt  to  return  as  soon  as  regeneration  of  the  nerve  has 
taken  place  ;  and  even  before  that  the  neuralgia  often  invades 
neighbouring  branches  of  the  trifacial,  so  that  further  surgical 
operations  become  necessary.  I  believe  that  in  this  affection  the 
constant  current  is  preferable  to  neurectomy  ;  in  the  first  instance 
because  it  does  not  injure  or  destroy  the  nerves  which  are  neces- 
sary for  the  proper  nutrition  of  the  face  ;  and  secondly,  because 
it  has  the  power  of  completely  altering  the  nutrition  of  the 
afiected  nerves,  owing  to  which  it  appears  to  produce  more 
permanent  effects  than  netirectomj.     The  most  important  case  of 
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epileptiform  neuralgia  wHcli  lias  up  to  the  present  time  been 
placed  on  record,  is  one  "wliicli  occurred  some  time  ago  in  the 
practice  of  Professor  Memeyer,  of  Tubingen,  and  which  has  been 
described  by  Dr.  Wiesner.*  In  this  case  surgery  and  electricity 
had  both  a  fair  trial. 

The  patient  was  a  huntsman,  aged  64,  accustomed  to  live  in 
the  open  air  and  to  'rough  it.'  Five  years  before  he  came 
under  Prof.  Memeyer's  care,  he  first  felt  a  'painless  shock' 
through  the  left  side  of  the  head  and  face ;  and  such  shocks 
returned  at  frequent  intervals.  After  this  had  gone  on  for  a 
twelvemonth,  attacks  of  severe  pain  came  on,  which  commenced 
at  the  angle  of  the  left  jaw,  and  proceeded  through  the  zygomatic 
arch  right  into  the  skull.  Such  attacks  occurred  at  first  about 
once  in  three  weeks,  and  were  generally  owing  to  some  exciting 
cause,  such  as  smoking,  masticating,  speaking,  wiping  the  mouth, 
&c.  Pressure  neither  increased  nor  diminished  the  pain,  the  fits 
of  which  gradually  became  more  frequent.  The  shocks  lasted 
only  one  or  two  seconds,  but  recurred  twenty  or  thirty  times  in 
the  course  of  the  day  in  the  third  year  of  the  disease.  In  1864 
the  patient  consulted  Prof.  Billroth,  of  Zurich,  with  the  view  of 
undergoing  a  surgical  operation.  The  pain  at  that  time  never 
came  on  without  touching  or  moving  the  left  side  of  the  face,  nor 
did  it  occur  during  sleep ;  it  afiected  the  left  cheek,  the  upper 
lip,  the  upper  jaw,  and  the  teeth.  A  few  decayed  teeth  were 
extracted,  but  this  gave  no  relief  whatever.  A  number  of 
remedies,  such  as  quinine,  iron,  arsenic,  iodine,  and  veratrine, 
were  then  given,  with  the  same  result ;  and  only  subcutaneous 
injections  of  morphine  produced  temporary  benefit.  By  the 
advice  of  the  late  Prof.  Griesinger,  four  leeches  were  put  to  the 
diseased  side ;  and  this  was  repeated  a  week  after,  but  the  condi- 
tion of  the  patient  remained  exactly  the  same.  Prof.  Billroth 
then  excised  a  piece  of  the  infraorbital  nerve,  one  and  a  quarter 
inch  long,  from  the  infraorbital  canal.  The  piece  of  the 
nerve  which  had  been  excised  was  carefully  examined  with  the 
microscope,  but  was  found  to  be  perfectly  healthy.  The  patient 
only  remained  free  from  pain  for  a  few  days,  after  which  the 
attacks  reappeared,  although  not  quite  so  frequently  nor  so 
severely.  At  that  time  the  attacks  were  brought  on  by  pressure 
on  the  left  upper  jaw  ;  and  the  parts  animated  by  the  infraorbital 
nerve  remained  free  from  pain.  The  paroxysms,  however,  getting 
contiaually  worse.  Prof.  Griesinger  advised  the  removal  of  the 

>  Berliner  klin.  "Wochenschrift,  No.  17,     1868. 
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painful  parts  of  tlie  alveolar  process  of  the  jaw  by  means  of  raspa- 
tories. The  patient  was  not  put  under  the  influence  of  chloro- 
form for  this  operation,  as  he  had  to  state  which  parts  of  the 
bone  were  tender.  The  operation  was  excessively  painful,  hut 
had  a  favourable  result ;  the  patient  was  discharged  on  May  27, 
1864,  being  then  apparently  quite  well. 

He  came  back  in  February  1866,  and  reported  that  for  some 
time  he  had  been  quite  easy,  but  that  the  attacks  soon  returned, 
and  gradually  became  more  frequent  and  severe.  He  urgently 
demanded  a  '  radical  operation.'  The  left  cheek  was  now  free 
from  pain,  but  all  the  other  parts  which  are  animated  by  the 
second  branch  of  the  fifth  nerve  were  affected.  Prof.  Billroth 
then  performed  osteo-plastic  resection  of  the  upper  jaw,  as  pro- 
posed by  Von  Langenbeck.  He  broke  off  the  posterior  wall  of  the 
antrum,  and  the  posterior  part  of  the  lower  portion  of  the  orbit, 
dissected  away  the  second  branch  of  the  fifth  nerve  up  to  the  fora- 
men ovale,  and  divided  the  nerve  close  to  the  foramen  rotundum. 
The  zygomatic  and  superior  alveolar  branches  were  then  drawn 
out  as  far  as  possible,  and  likewise  removed,  and  the  infraorbital 
nerve  was  entirely  taken  away.  The  operation  was  not  followed 
by  any  bad  symptoms,  and  the  wound  of  the  jaw  healed  well 
together.  A  careful  microscopic  examination  of  the  excised  piece 
of  the  nerve  again  showed  no  alteration  whatever. 

This  operation  did  good  for  a  time,  but  towards  the  end  of 
March  of  the  same  year  fresh  paroxysms  of  pain  occurred  on 
touching  the  left  upper  Hp.  They  soon  became  so  severe,  that 
Prof.  Billroth  excised  on  April  6,  1866,  the  buccinatorius  nerve 
which  branches  off  from  the  third  ramus  of  the  fifth.  This  opera- 
tion was  rendered  difficult  by  the  numerous  cicatrices  consequent 
upon  previous  operations ;  the  ductus  Stenonianus  was  injured 
close  to  its  poiat  of  exit  from  the  gland,  and  erysipelas  set  in 
afterwards,  but  yielded  to  treatment.  The  pain  was  now  quite 
gone,  but  a  sahvary  fistula  remained.  In  May  the  tic  was  again 
as  bad  as  ever  in  the  left  side  of  the  palate  and  the  chin.  On  May 
9,  therefore.  Prof.  Billroth  cut  away  from  the  cavum  oris  through 
the  lateral  wall  of  the  antrum,  in  order  to  excise  the  posterior 
dental  nerves,  and  resected  at  the  same  time  the  mental  nerve 
at  its  exit  from  the  inframaxiUary  canal.  On  May  21  the  sah- 
vary fistula  was  operated  for,  the  anterior  portion  of  the  gland 
being  removed,  and  the  skin  united  by  sutures.  The  parts  did 
not  heal,  but  suppuration  set  in,  and  the  whole  gland  gTaduaUy 
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sloTiglied  away.  In  July  1866  tlie  patient  left  the  hospital  free 
from  pain,  and  also  cured  of  the  fistula. 

He  did  not,  however,  long  continue  in  good  condition.  In 
December  1866  the  attacks  were  again  very  frequent.  He  was 
readmitted  in  July  1867,  when  the  pain  was  excessively  severe  ; 
it  then  proceeded  from  the  dental  process  of  the  upper  jaw,  and 
radiated  towards  the  nose,  the  lower  eyelid,  ear,  and  temple,  from 
where  it  penetrated  into  the  cavity  of  the  skull.  Prof.  Billroth 
then  advised  the  use  of  the  constant  current ;  but  as  the  patient 
beKeved  that  he  could  only  be  cured  by  a  surgical  operation,  the 
Professor,  on  the  urgent  entreaties  of  the  poor  man  to  do  some- 
thing for  him,  tied  the  left  common  carotid  artery,  just  below  the 
omohyoid  muscle.  During  the  first  few  days  afber  this  operation, 
a  few  feeble  shoots  of  pain  came  on,  but  they  soon  ceased,  and  on 
the  seventeenth  day  the  patient  left  the  hospital  apparently  well. 
But  again  the  improvement  was  only  temporary,  and  as  Prof. 
Billroth  had,  in  the  meantime,  left  Zurich  for  Vienna,  the  patient 
went  to  Tubingen  to  consult  Prof.  Niemeyer  concerning  the 
apphcability  of  galvanism. 

He  was  admitted  into  the  hospital  in  December  1867.  At  that 
time  he  used  every  day  eight  grains  of  morphia  for  subcutaneous 
injections,  this  being  divided  into  three  doses.  Fits  of  pain  came 
on  twenty  or  thirty  times  during  the  day ;  their  starting-point 
being  the  maxiUary  articulation,  whence  they  spread  to  the 
anterior  side  of  the  ear,  and  the  left  parietal  bone.  They  came  on 
chiefly  on  touching  the  left  upper  lip.  The  constant  current  was 
now  used,  and  with  such  beneficial  efiect,  that  the  patient  was  soon 
enabled  to  discontiuue  the  subcutaneous  injection  of  morphine. 
After  three  months'  treatment,  the  current  having  been  applied 
nearly  every  day,  the  patient  left  the  hospital  apparently  cured. 
Whether  the  efiect  of  the  galvanism  will  be  more  permanent  than 
that  of  the  surgical  operations,  remains  to  be  seen ;  but  if  a 
relapse  should  occur,  the  same  remedy  would  probably  again  pro- 
duce the  same  efiect.  The  current  was  applied,  by  moistened 
electrodes,  to  the  affected  nerves,  no  regard  being  had  to  the 
direction  of  the  current,  and  for  five  minutes  at  a  time ;  some- 
times both  electrodes  were  directed  to  the  skin,  at  other  times 
one  was  directed  to  the  skiu  and  the  other  to  the  mucous 
membrane  of  the  mouth. 

Dr.  Wiesner  has  recorded  another  case  of  a  similar  Mnd  which 
occurred  in  a  patient,  aged  74  at  the  time  he  came  under  treat- 
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ment,  when  he  had  already  been  a  sufferer  from  the  neuralgia 
for  twenty-nine  years.  In  this  case  a  host  of  external  and 
internal  remedies  had  been  used  without  effect ;  M.  Nelaton  had 
refused  to  perform  an  operation,  and  so  had  Prof.  Bruns,  of 
Tiibingen.  The  induced  current  had  been  used  as  '  electric  moxa,' 
but  without  producing  any  benefit.  In  July  1867,  Prof. 
Memeyer  used  the  constant  current,  connecting  the  positive  pole 
with  a  moistened  conductor,  and  the  negative  with  a  wire-brush. 
After  twenty  such  applications,  the  pain  was  gone,  and  only  a 
slight  increase  of  sensibility  remained  in  the  upper  lip.  Some 
months  afterwards  there  was  a  relapse  ;  but  this  yielded  rapidly 
to  galvanisation. 

Cases  of  long  standing,  and  occurring  in  old  people,  are  gene- 
rally diflB-Cult  to  cure,  and  require  a  prolonged  treatment.  Tic 
douloureux  would  probably  cease  to  be  looked  upon  as  incurable 
if  the  trifacial  were  placed  under  the  influence  of  anelectrotonus 
soon  after  the  commencement  of  the  affection. 

Case  48. — A  merchant,  aged  64,  widower,  living  in  a  manu- 
facturing district,  had  for  eight  years  suffered  from  epileptiform 
neuralgia  in  the  right  side  of  the  face,  which  had  first  come  on 
after  a  fatiguing  journey  undertaken  in  winter,  and  under  anxious 
circumstances.  Since  then  the  neuralgia  left  him  only  occasionally; 
and  when  he  came  under  my  care  in  January  1869,  he  was  not 
free  from  attacks  a  single  day.  Fits  of  pain  came  on  after  the 
slightest  movements  of  the  lips,  chiefly  during  mastication,  and 
in  speaking,  stooping,  gaping,  coughing,  and  sneezing.  An  inter- 
current attack  of  dyspepsia,  to  which  he  was  rather  subject, 
always  increased  the  severity  of  his  sufferings.  He  was  generally 
free  from  pain  at  night.  The  severity  of  the  suffering  was  such 
as  to  drive  him  nearly  mad  ;  and  he  had  not  known  any  enjoy- 
ment of  life  during  the  last  eight  years.  When  an  attack  came 
on,  he  could  not  help  calling  out  or  screaming,  and  he  had  not 
been  to  church  for  a  long  time,  because  he  had  sometimes  been 
obliged  to  call  out  in  the  middle  of  the  service.  His  general 
health  was  tolerably  good,  except  that  there  was  atheromatous 
degeneration  of  the  valves  of  the  heart,  which  gave  rise  to 
occasional  bad  attacks  of  dyspnoea.  No  puncta  dolorosa  could  be 
found  in  the  course  of  the  trifacial  nerve,  the  only  objective  symp- 
tom being  a  swelling  in  the  mucous  membrane  of  the  right  cheek, 
which  was  the  principal  seat  of  the  pain.  Digestion  was  good, 
but  the  patient  was  obliged  to  take  his  food  minced  very  fine, 
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because  otlierwise  tlie  act  of  taking  it  liurt  him  '  awfally.'  He 
was  also  obliged  to  avoid  anything  hot,  as  this  caused  severe 
pain,  No  part  of  the  right  side  of  the  face  was  quite  free  from 
the  neuralgia,  but  the  worst  points  were  the  temple  and  the  cheek. 
It  is  unnecessary  to  mention  the  various  remedies  which  had 
been  used  for  the  relief  of  the  pain,  as  nothing  seemed  to  have 
had  the  slightest  beneficial  effect.  I  now  used  the  constant 
current,  applying  at  first  the  positive  pole  externally  to  the  cheek 
and  the  temple,  and  the  negative  to  the  superior  cervical  ganglion ; 
but  as  this  apphcation  produced  no  perceptible  effect,  I  introduced 
the  next  day  an  insulated  metallic  sound  connected  with  the 
negative  pole  into  the  mouth,  and  touched  with  it  the  painful 
swelling  in  the  mucous  membrane  of  the  cheek,  the  anode  being  al- 
ternately placed  to  the  temple  and  the  external  surface  of  the  cheek, 
altogether  for  five  minutes.  A  current  of  ten  cells  was  used.  Im- 
mediately after  the  application  was  over,  the  patient  exclaimed  : 
*  That  has  done  good  !  '  The  next  morning  he  was  in  high  spirits, 
as  he  had  been  quite  free  from  pain  during  the  remainder  of  the 
day,  and  had  been  able  to  masticate  and  eat  his  dinner  without  any 
trouble.  He  had  had  a  good  night,  and  it  was  only  at  breakfast 
that  the  pain  had  to  some  extent  returned,  although  not  nearly  as 
bad  as  before.  Within  the  next  few  days  the  patient  had  a  bad 
attack  of  diarrhoea ;  nevertheless  the  pain  remained  in  abeyance 
on  masticating  as  well  as  on  stooping.  After  the  current  had 
been  applied  a  few  more  times,  the  inside  of  the  cheek  had  become 
rather  sore,  and  the  treatment  was  therefore  discontinued  for  a 
few  days.  The  diarrhoea  did  not  yield  to  the  remedies  used  for 
it,  and  the  patient  consequently  got  very  much  below  par ;  under 
these  circumstances,  about  a  fortnight  after  the  commencement 
of  the  treatment,  the  pain  returned  much  in  the  same  manner  as 
before.  The  patient  then  had  another  internal  application,  after 
which  he  was  again  much  better.  The  next  day,  however,  he 
was  seized  by  a  bad  attack  of  influenza,  and  the  pain  returned. 
Wben  he  had  recovered  from  the  infliienza,  he  went  to  the  seaside 
for  change  of  air,  and  the  neuralgia  has  since  then  continued  in 
nearly  the  same  manner  as  before.  In  this  case  galvanism  was 
certainly  used  '  under  difficulties  ; '  as  the  patient  had,  during 
the  time  he  was  under  the  influence  of  it,  two  acute  affections 
which  interfered  considerably  with  his  general  health  ;  and  I 
consider  it  highly  probable  that,  if  the  galvanic  treatment  could 
have  been  continued  for  some  time  longer,  and  under  more 
favourable  circumstances,  a  cure  would  have  been  effected. 
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Dr.  Wilks  ^  has  recorded  a  case  where  the  first  division  of  the 
fifth  nerve  was  involved  on  the  left  side.  The  patient,  while  in 
Guy's  Hospital,  took  aconite,  chloride  of  ammonium,  hydrated 
peroxide  of  iron,  quinine,  and  bromide  of  potassium.  None  of 
these  drugs  did  any  good,  and  the  continuous  current  was  then 
used.  She  was  better  in  a  few  days,  and  in  a  month's  time  had 
quite  recovered. 

Dr.  Anstie's  theory  of  atrophy  of  the  posterior  nerve-root 
being  the  cause  of  neuralgia,  is  probably  correct  for  a  large 
number  of  cases  ;  and  if  we  have  reason  to  suspect  this  patholo- 
gical condition,  the  production  of  catelectrotonus  would  appear 
preferable  to  that  of  anelectrotonus. 

In  this  as  in  most  other  cases,  however,  we  must  be  guided 
by  the  results  of  the  first  few  applications.  My  own  experience 
would  always  induce  me  to  commence  with  anelectrotonus  ; 
but  I  have  seen  this  fail  in  sufficiently  numerous  instances 
to  induce  me  not  to  attach  undue  value  to  its  production.  If 
therefore  anelectrotonus  does  not  answer  quickly,  we  should 
induce  catelectrotonus,  or  embrace  the  nerve  between  the  positive 
and  negative  current,  the  anode  being  put  to  the  skin,  and  the 
cathode  to  the  mucous  membrane. 

2.  Headaches. — There  are  few  headaches  which  resist  fara- 
disation by  the  electric  hand,  or  a  gentle  continuous  current ; 
but  we  'must  always  enquire  into  any  derangements  of  the 
stomach  or  other  organs  which  may  be  present,  and  which  are 
so  frequently  instrumental  in  producing  headaches.  Yet  many 
cases  occur  where  a  judicious  medicinal  treatment  fails  in  re- 
lieving the  headache,  and  where  this  is  promptly  cured  by 
electricity.  I  have  seen  a  large  number  of  such  cases,  in  which 
either  of  the  above-mentioned  methods  of  applying  galvanism 
proved  successful. 

A  frequent  and  peculiar  form  of  headache  is  the  sick  Jieadaclie 
(hemicrania).  This  generally  resists  faradisation,  but  yields  to 
a  persevering  use  of  the  constant  current,  applied  through  the 
mastoid  processes  and  the  temples.  In  cases  where  guarana  or 
coflfeine  do  no  good,  galvanisation  should  therefore  be  resorted  to 
without  delay. 

3.  Photophohia. — This  ti-oublesome  symptom  frequently  accom- 
panies diseases  of  the  cornea  and  conjunctiva,  and  obHges  the 
patients  to  keep  their  eyes  closed.     It  often  resists  medicinal 

'  Brit.  Med.  Joiiru.,  1872,  p.  435. 
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treatment,  and  generally  yields  to  the  constant  current.  Mr. 
Hewson  has  placed  on.  record  thirty-two  cases  of  photophobia 
due  to  struroous  inflammation  of  the  cornea  in  children,  which 
were  all  cured  by  the  application  of  the  continuous  current. 
These  children  were  between  one  and  sis  years  of  age.  The  in- 
-duced  current  made  them  worse,  while  from  one  to  three  appli- 
cations of  the  continuous  current  relieved  the  affection.  He 
placed  the  cathode  to  the  supra-orbital  foramen,  and  the  anode 
to  some  part  of  the  face.  Other  observers  have  obtained  equally 
beneficial  results. 

■  Case  49. — A  married  lady,  aged  37,  had  suffered  from  glauco- 
matous inflammation  of  the  left  eye  in  the  autumn  of  1865.  The 
cause  of  the  affection  was  believed  to  have  been  rheumatic.  She 
was  seen  by  many  oculists  and  physicians,  and  underwent  iridec- 
tomy, but  without  much  benefit.  Wlien  I  first  saw  her,  in  May 
1868,  I  found  her  highly  hysterical ;  she  suffered  from  convulsive 
attacks,  dizziness,  palpitations  of  the  heart,  and  pain  in  the 
epigastrium,  back,  and  side.  The  most  troublesome  symptom, 
however,  was  intense  photophobia,  so  that  she  would  not  leave 
her  room,  which  had  always  to  be  kept  dark.  She  was  with 
some  difficulty  persuaded  to  have  a  gentle  constant  current 
applied  to  the  eye.  The  anode  was  placed  on  the  closed  eyelid 
and  the  cathode  to  the  superior  cervical  ganglion.  She  felt 
much  better  after  the  first  application,  and  after  three  more  the 
photophobia  was  gone. 

4.  Tinnitus  aurimn — noises  in  the  head. — The  pathology  of  this 
troublesome  symptom  consists  at  present,  according  to  Mr. 
Hinton,  of  a  few  scraps  of  positive  knowledge,  with  a  great  deal 
of  conjecture.  It  generally  appears  as  age  advances,  and  is  pro- 
bably due  to  impaired  nutrition  of  the  fifth  or  the  auditory  nerve. 
It  sometimes  yields  to  galvanisation,  even  when  it  has  existed 
for  many  years.  The  current  should  be  applied  to  the  mem- 
brana  tympani,  the  cervical  sympathetic,  and  through  the  mastoid 
processes,  intermittently,  with  voltaic  alternatives. 

5.  Gervico-occipital  Neuralgia. — This  occurs  in  the  sphere  of 
the  occipital  nerves,  which  arise  from  the  upper  four  cervical 
nerves,  and  has  the  same  pathology  as  tic.  It  is  curable  by 
galvanisation,  but  great  care  is  necessary  in  using  the  current, 
as  it  may  do  harm  if  the  application  is  too  long  or  too  strong, 
or  if  the  treatraent  is  too  long  continued. 

Case  50. — A  lady,  aged  49,  had  suffered  from  cervico-occipital 
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neuralgia  for  tlie  last  twenty  years  when  she  came  under  my 
care  (July  1869).  ISTo  medicine  had  ever  done  her  the  least 
good,  and  the  only  thing  which  had  for  a  time  removed  the  pain 
was  the  actual  cautery,  which  was  applied  hy  Sir  James  Paget 
in  1868.  The  pain,  however,  returned  some  time  afterwards, 
and  was  now  as  bad  as  ever.  The  least  touch  '  drove  her  nearly 
wild,'  and  it  was  an  '  agony  '  to  have  her  hair  dressed.  I 
applied  the  constant  current  to  the  occipital  nerves  continuatively 
for  two  minutes,  with  the  effect  that  the  pain  was  nearly  gone 
after  the  aiDplication  ;  '  it  seemed  to  haye  hardened  her  head  ; ' 
she  had  a  comfortable  day  and  night,  and  the  hair  was  dressed 
the  following  morning  without  inconvenience.  The  current  was 
now  used  several  times  more ;  but  after  the  third  application 
there  was  a  considerable  increase  in  the  severity  of  the  pain, 
together  with  restlessness,  sleeplessness,  and  general  nervous 
disturbance.  The  treatment  was  therefore  given  up.  This  case 
would  probably  have  done  better  if  only  one  or  two  applications 
had  been  made ;  and  I  now  make  it  a  rule  not  to  apply  the 
current  again  when  the  pain  has  completely  disappeared.  In 
such  cases  the  neuralgia  may  be  owing  to  a  faulty  (peripolar  or 
dipolar)  arrangement  of  the  electrical  molecules  of  the  nerve, 
which  may  be  set  right  by  one  or  two  applications  of  the  constant 
current,  but  may  be  again  disturbed  by  further  applications, 
more  especially  in  persons  of  such  highly  sensitive  constitution 
as  the  patient  whose  case  has  just  been  described. 
The  following  is  a  case  of  brachial  neuralgia  : — 
Case  51. — A  married  lady,  aged  32,  was  sent  to  me  by  Mr, 
Wolff,  of  Grower  Street,  in  July  1871.  She  had  for  the  last 
three  or  four  years  suffered  from  severe  neuralgia  in  the  right 
arm  and  shoulder,  with  this  peculiarity,  that  she  never  was 
actually  free  from  pain,  but  suffered  constantly,  at  times,  howevei', 
much  more  than  at  others.  There  was  slight  thickening  in  the 
supra- clavicular  region,  but  otherwise  no  structural  change  could 
be  made  out  anywhere.  The  arm  was  almost  useless  to  the 
patient,  as  she  found  that  the  pain  became  much  worse  when  she 
attempted  to  do  anything  with  it,  so  that  she  dreaded  using  it  at 
all.  Her  general  health  was  otherwise  tolerably  good,  and  no 
particular  cause  could  be  assigned  for  the  occurrence  of  the 
neuralgia.  She  had  used  a  considerable  variety  of  remedial  mea- 
sures, but  all  to  no  purpose,  and  the  pain  was  getting  worse 
instead  of  better.  I  now  applied  the  continuous  galvanic  current 
to  the  sympathetic  nerve,  and  to  the  thickening  in  the  supra- 
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clavicular  region.  Three  applications  produced  apparently  no 
effect,  but  after  the  fourth  she  was  better,  and  after  the  fifth  a 
good  deal  better.  After  a  fortnight's  treatment,  the  pain  "was 
entirely  gone.  Two  years  later,  I  had  the  satisfaction  of  ascer- 
taining that  the  patient  had  continued  perfectly  well  ever  since. 

Cases  o£pain  in  the  hach  and  of  inframammary  pain  are  gene- 
rally curable  by  electricity.  Inframammary  pain  is  in  some  in- 
stances dependent  upon  incipient  lateral  curvature  of  the  spine, 
but  more  frequently  exists  without  any  apparent  sti'uctural  lesion. 
It  is  generally  felt  below  the  left  mamma  and  at  the  margin  of 
the  ribs.  I  have  seen  a  number  of  cases  of  this  affection,  some 
associated  with  amenorrhoea,  others  not.  In  those  patients  who 
suffered  from  amenorrhcea,  the  return  of  the  catamenia  and  the 
disappearance  of  the  pain  were  siqiultaneous. 

Intercostal  neuralgia  often  yields  to  galvanisation  or  faradisation. 

In  the  neuralgic  stomach-ache  (gastrodynia),  which  is  owing 
to  a  functional  derangement  of  the  solar  plexus  of  nerves,  and 
where  the  pain  is  frequently  confined  to  a  small  place  on  a  level 
with  the  central  ganglion,  the  continuous  current  is  one  of  the 
most  useful  remedies  at  our  disposal.  The  effect  is,  in  most 
cases,  immediate,  and  if  the  treatment  be  persevered  in  for  some 
time,  permanent. 

In  sciatica,  faradisation  as  well  as  galvanisation  frequently 
prove  successful.  It  is  sometimes  advisable  to  combine  them 
with  subcutaneous  injections  of  morphia  and  atrojpia. 

Case  52. — A  Scotch  farmer,  aged  35,  came  under  my  care  in 
July  1857.  He  had  never  been  in  strong  health,  and  suffered  for 
a  long  time  from  excessive  acidity  in  the  stomach.  Eight  years 
ago  he  had  his  left  thigh  amputated  for  tumor  albus,  and  he 
wears  now  an  artificial  leg,  which,  being  very  heavy,  exerts  a 
great  strain  upon  the  left  side  of  the  pelvis.  Three  years  ago, 
he  first  began  to  feel  pain  on  the  back  of  the  right  thigh,  and  the 
inside  of  the  leg,  down  to  the  ankle.  This  was  at  first  dull  and 
heavy,  but  after  a  time  became  so  acute  that  he  was  laid  up  with 
it.  He  thought  it  was  brought  on  by  his  having  taken  too  much 
exercise.  He  did  not  suffer  from  violent  attacks  of  pain  followed 
by  free  intervals,  but  had  no  rest  whatever.  He  placed  himself 
under  the  care  of  two  eminent  practitioners  in  Edinburgh,  and 
after  some  time  was  much  relieved,  the  acuteness  of  the  pain 
slowly  but  gradually  subsiding.  He  then  left  Edinburgh ;  but 
being  still  very  bad,  had  acupuncture  aj)plied,  from  which  he 
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received  immediate  relief,  but  tlie  pain  never  entirely  left  liim, 
and  was  mnch  about  the  same  sbortly  after  tbe  operation.  About 
two  years  afterwards  he  came  to  town  and  consulted  Sir  James 
Clark,  who  sent  him  to  me.  The  pain  was  '  a  dull  ache '  at  that 
time ;  it  increased  on  walking,  even  for  a  short  distance,  and  in 
the  first  part  of  the  night.  Pressure  had  no  marked  influence 
upon  the  pain ;  but  it  rather  relieved  than  increased  it.  The 
muscles  of  the  leg  twitched  a  good  deal  in  the  morning,  but  not 
much  in  the  course  of  the  day  ;  these  twitches  were  painless,  and 
no  doubt  due  to  nial-nutrition  of  the  limb.  I  used  faradisation 
of  the  skin,  by  wire-brushes,  but  as  two  such  applications  pro- 
daced  no  efiPect,  I  applied  the  next  day  moistened  electrodes, 
placing  the  positive  one  to  the  tuberosity  of  the  ischium,  and  the 
negative  to  the  ankle  for  six  minutes.  Immediately  after  this 
application  the  pain  was  gone  ;  it  returned  three  hours  afterwards, 
but  was  not  nearly  so  severe  as  it  had  been  before,  and  the  patient 
had  a  good  night's  rest.  I  faradised  the  nerve  three  times 
more  ;  after  the  second  application,  the  pain  went  away  till  the 
following  morning  ;  and,  after  the  fourth,  it  was  only  slightly  felt 
in  walking,  but  not  when  at  rest.  The  patient  was  then  obliged 
to  leave  town.  Six  weeks  afterwards  I  received  a  note  from  him 
stating,  that  since  faradisation  was  used,  the  limb  had  been  a 
good  deal  better.  He  was,  however,  not  totally  free  from  pain 
when  he  walked  to  any  distance  ;  yet  the  pain  went  off  sooner, 
was  less  severe,  and  not  so  liable  to  return  as  formerly.  I  there- 
fore advised  him  to  undergo  another  course  of  the  same  treat- 
m.ent.  This  the  patient  did  some  time  afterwards.  Faradisation 
was  used  six  times  more  as  above,  and  with  such  beneficial  efiects 
that  he  could  walk  three  or  four  miles  at  a  time  with  perfect 
ease. 

Benedict  has  recommended  for  certain  forms  of  sciatica,  in 
which  the  percutaneous  ajDplication  of  the  current  does  not  answer, 
to  introduce  one  direct  or  into  the  rectum,  and  put  the  other  to 
the  sacro-lumbar  region.  The  current  reaches  the  nerve  more 
thoroughly  when  applied  in  this  manner.  Where  the  pain  is  con- 
stant, the  local  application  to  the  nerve  is  the  best ;  but  where 
there  are  instantaneous  lancinating  pains,  the  spinal  cord  should 
likewise  be  acted  upon. 

The  following  is  a  case  of  diffuse  neuralgia,  which  was  remark- 
able for  its  cause  and  rapid  cure : — 

Case  53. — A  merchant,  aged  30,  of  vigorous  constitution,  and 
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active  liabits,  was  a  passenger  by  tlie  Canadian  steamer  which 
fonndered  at  sea  on  the  4th  of  June,  1861,  about  200  miles  off 
the  coast  of  Canada.  Many  of  the  passengers  were  drowned  ; 
but  this  gentleman,  by  means  of  a  life-buoy,  was  enabled  to  float 
until,  three-quarters  of  an  hour  afterwards,  he  was  picked  up  by 
a  boat  which  was  passing.  Life  was  then  almost  extinct.  The 
•water  was  at  the  time  excessively  cold,  as  large  masses  of  ice 
were. floating  in  it.  The  patient  soon  rallied,  bn.t  had  unfortu- 
nately to  remain  in  his  wet  clothes  for  a  long  time ;  and,  even 
after  he  had  landed,  he  could  not  at  once  obtain  a  change  of 
dress.  He  did  not  at  first  experience  any  bad  effects  from  this 
accident ;  but,  after  some  time,  began  to  feel  severe  burning  pain 
in  the  arms  and  legs,  followed  by  numbness  in  the  limbs  and 
loss  of  muscular  power.  He  soon  afterwards  returned  to  Eng- 
land, and  was,  during  his  passage,  subjected  to  treatment  by  the 
ship-surgeon,  who  prescribed  applications  of  opium  and  aconite 
to  the  arms,  and  general  tonics  ;  but  he  derived  no  benefit  from 
the  remedies  used.  On  his  arrival  in  this  country  he  consulted 
Mr.  Snape,  of  Bolton-le-Moors,  in  Lancashire,  who  thought  that 
faradisation  would  be  the  best  means  of  restoring  him,  and  sent 
him  to  me.  On  examination,  I  found  the  following  morbid 
symptoms  : — There  was  a  burning  neuralgic  pain,  especially  in 
the  fore-arms  and  thighs,  which  increased  very  much  towards 
evening  and  in  the  night ;  so  that  the  patient  was  prevented 
from  sleeping,  and  in  consequence  became  much  exhausted  in 
the  morning.  There  was  also  ansesthesia,  especially  in  the  right 
hand  and  fore- arm,  where  the  prick  of  a  pin  could  not  be  felt ; 
while  in  other  parts,  sensation  was  very  blunt.  The  sense  of 
touch,  especially  in  the  right  hand,  was  much  diminished. 
^Finally,  there  was  a  semi-paralytic  condition  of  the  arms ;  the 
patient  could  move  them,  but  he  had  no  power  over  the  muscles  ; 
he  could  not  grasp  anything  with  force,  and  experienced  great 
diflEculty  in  writing.  The  contractility  of  the  muscles  was  not 
diminished,  as  they  answered  readily  to  a  faradic  current  of 
moderate  power,  only  the  influence  of  volition  over  them  had 
considerably  decreased.  The  flexor  muscles  of  the  fore-arm  were 
most  affected.  The  general  health  of  the  patient  was  good,  not- 
withstanding the  loss  of  rest,  and  the  wear  and  tear  consequent 
upon  great  suffering.  I  faradised  the  skin  and  the  suffering 
muscles,  with  excellent  results.  The  pain,  which  was  severe  at 
the  time  the  patient  came  to  me,  disappeared  during  the  first 
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application ;  and  he  slept  soundly  the  following  night.  The 
pain  returned  in  the  morning,  although  in  a  less  degree ;  and, 
after  a  few  more  applications,  it  was  entirely  suhdued.  The 
anEesihesia  also  yielded  rapidly  to  the  means  employed.  After 
three  operations,  the  patient  was  again  able  to  feel  distinctly  not 
only  the  prick  of  a  pin  wherever  I  applied  it,  but  also  the  mere 
touch  of  blunt  instruments  ;  and  when  he  left  town,  after  having 
been  under  my  care  for  six  days,  he  was  free  from  pain,  the 
anaesthesia  was  gone,  the  sense  of  touch  was  normal,  and  the 
muscular  power  had  returned.  I  have  not  seen  him  since ;  but 
Mr.  Snape  has  written  to  me  to  say  that  the  effects  of  the  treat- 
ment have  been  permanent ;  and  that  the  patient  returned  to 
Canada  some  time  afterwards  in  perfect  health. 

There  are  two  other  painful  conditions,  in  which  the  constant 
current  finds  a  useful  sphere  of  action,  viz.  cancer  and  ataxy ;  but 
as  both  these  complaints  will  be  considered  under  separate 
headings,  we  shall  defer  the  remarks  we  have  to  make  on  this 
subject. 

VIII.— SLEEPLESSNESS. 

In  many  forms  of  nervous  complaints,  sleeplessness  is  a  pro- 
minent and  important  symptom ;  and  where  it  does  not  yield  to 
the  ordinary  medicinal  remedies,  anelectrotonus  of  the  spinal  cord 
and  brain  should  be  produced,  which  is  often  instrumental  in 
restoring  sleep  where  chloral  and  other  soporifics  have  already 
had  a  fair  trial.  The  application  should  be  gentle,  and  last  from 
five  to  ten  minutes. 

IX.— PROGEESSIVE  LOCOMOTOR  ATAXY. 

The  first  stage  of  this  disease  is  characterised  by  hyperemia  of 
the  blood-vessels  and  efiusions  in  the  neuroglia  of  the  posterior 
columns  of  the  spinal  cord,  and  lasts  generally  one  or  two  years. 
Its  principal  symptoms  are  alterations  of  the  pupil,  paralysis  of 
certain  ocular  muscles,  and  shooting  pains  in  the  limbs  combined 
with  anaasthesia.  In  the  second  stage  there  is  considerable 
proliferation  of  connective  tissue,  together  with  wasting  of  the 
nervous  matter.  Peculiar  alterations  in  the  gait,  and  loss  of 
power  in  the  bladder  and  sexual  organs,  make  their  appearance. 
The  third  stage  is  characterised  by  intensification  of  the  patho- 
logical lesions  and  paralysis. 
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Precious  time  is  often  lost  in  the  first  stage  of  .ataxy  with 
employing  medicines,  mineral  "waters,  &c.,  while  galvanisation 
should  be  resorted  to  at  once.  No  other  remedy  produces  equally 
prompt  effects  as  the  constant  currentinthis  disease,  more  especially 
when  it  has  not  yet  far  advanced.  But  even  where  the  second 
or  third  stage  has  been  reached,  the  current  relieves  many 
symptoms,  and  does  more  good  than  any  other  treatment. 
Catelectrotonus  of  the  spinal  cord  should  be  produced  daily  for 
five  minu.tes,  and  may  be  combined  with  local  applications, 
where  local  symptoms  demand  interference.  Oar  own  experi- 
ence in  this  matter  entirely  agrees  with  that  of  Benedict,^ 
Onimus,^  Krafft-Ebing,3  and  Dr.  WHks.^ 

The  pain  of  ataxy  demands  special  consideration.  There  are 
indeed  few  kinds  of  pain  which  equal,  and  none  which 
surpass  in  severity,  the  pain  which  accompanies  certain  forms 
and  stages  of  progressive  locomotor  ataxy.  This  pain  is  short, 
sharp,  and  sudden ;  there  is  an  instant  or  two  of  indescribable 
agony,  followed  by  twenty  or  thirty  seconds,  not  of  rest,  but  of  a 
]dnd  of  drowsy  stupor,  out  of  which  the  patient  is  roused  by 
another  pang,  similar  to,  or  even  worse  than,  the  first.  I  have 
known  strong  men,  who  could  bear  a  great  deal  without  flinching, 
scream  under  this  infliction  ;  and  frequently  their  cries  could  be 
heard  at  a  distance.  The  pain  generally  reaches  its  acme  of 
severity  on  the  third  day  from  the  commencement  of  the  attack, 
and  remains  of  the  same  character  until  the  eighth  da}^,  after 
which  there  is  a  kind  of  lull.  The  patient,  although  utterly 
wearied  and  exhausted  by  sufiering  and  sleeplessness,  is,  as  it 
were,  able  to  breathe  again,  as  the  shocks  become  less  frequent 
and  less  severe.  Sometimes  the  pain  is  quite  gone  by  the  tenth 
day ;  at  other  times  it  goes  on  in  a  subdued  and  sullen  manner 
until  a  month  has  passed  since  its  commencement. 

Most  usually  the  seat  of  pain  is  in  the  feet  and  knees, 
rarely  in  the  hips  and  back,  and  quite  exceptionally  in  the  upper 
extremities  and  the  head.  Neither  swelling  nor  redness  is  percep- 
tible during  these  attacks,  which  are  often  set  down  as  being  such 
of  suppressed  gout.  They  occur,  however,  in  persons  who  have  no 
gouty  habit  at  all,  and  do  not  yield  to  the  remedies  which  prove 
niost  useful  in  the  gouty  diathesis.     Indeed,  the  jDecuHar  obsti- 

1  Loc.  cit. 

2  Gazette  des  Hopitaux,  No.  116.     1868. 

3  Deutsehes  Archiv,  etc.,  1872,  vol.  ix.  p.  274. 
*  Brit,  Med.  Journal,  January  1873, 
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nacy  with,  which  the  atactic  pain  defies  purely  medicinal 
treatment — even  a  bold  use  of  hypodermic  injections  being 
generally  futile — constitutes  one  of  its  chief  characteristics] 
That  the  pain  is  really  part  and  parcel  of  ataxy  is  proved  by  the 
concurrence  of  other  symptoms  which  the  patient  often  omits  to 
mention  on  giving  an  account  of  his  case,  but  some  of  which  can  be 
invariably  elicited  by  inquiry.  Thus  we  find  that  some  time  pre- 
viously there  has  been  transitory  double  vision,  or  other  affections 
of  cerebral  nerves  ;  that  there  are  sexual  debility,  and  weakness 
and  unsteadiness  in  walking. 

It  appears  probable  that  the  paroxysmal  pains  of  ataxy  are 
owing  to  tetanic  spasms  of  the  muscular  coats  of  the  art.eries, 
caused  by  irritation  of  the  vaso-motor  system  of  nerves.  "We 
have,  therefore,  to  look  for  remedies  chiefly  amongst  those  agents 
which  we  know  to  possess  a  powerful  influence  on  the  sympa- 
thetic. Amongst  these  the  continuous  galvanic  current  stands 
facile  princeps  ;  and  I  will  now  shortly  relate  a  case  in  which  it 
brought  relief,  which  had  for  years  obstinately  resisted  all  other 
medication. 

Case  64. — J.  B.,  a  merchant,  aged  35,  married,  came  under  my 
care  in  February  1870.  He  had  for  the  last  six  years  suffered  from 
periodical  attacks  of  severe  pain  in  some  part  of  the  lower  extre- 
mities, principally  the  right  foot  and  the  left  knee.  Such  an 
attack  generally  lasted  from  two  to  four  weeks,  after  which  the 
patient  was  free  from  it  for  two  or  three  months,  at  the  expiration 
of  which  time  a  fresh  attack  would  come  on.  He  had  never  had 
syphilis.  Early  in  1864  he  suffered  from  double  vision,  owing  to 
paralysis  of  the  rectus  externus  of  the  right  eye.  This  yielded 
to  treatment  in  about  six  weeks,  and  since  then  his  eyes  had  been 
weak,  although  not  suffering  from  any  definite  disease.  Soon 
afterwards  he  noticed  that  his  sexual  power  was  diminished,  and 
that  he  occasionally  had  nocturnal  emissions,  which  had  not  oc- 
curred during  the  previous  period  of  his  married  life  (four  years). 
In  August  1864  he  had  the  first  attack  of  pain,  which  was  treated 
with  blue  pill,  opiates,  belladonna,  and  quinine.  It  lasted  about 
a  month,  and  then  vanished.  A  second  attack  came  in  December* 
of  the  same  year,  and  was  treated  with  colchicum  and  alkalies. 
It  lasted  nearly  the  same  time  as  the  first.  When  he  recovered 
from  the  second  attack,  he  felt  very  weak  on  his  legs,  and  he  had 
never  since  then  been  quite  steady,  his  gait  being  staggering, 
chiefly  in  the  dark.     Attacks  now  occurred  with  considerable 
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regularity  every  two  or  tliree  montJis,  Some  of  tlie  later 
attacks  were  treated  witli  itypodermic  injections  of  morphia,  but 
"witli  little  or  no  effect.  It  is  true  that  for  fifteen  or  twenty 
minutes  after  the  injection  the  pain  was  generally  not  quite  so 
severe  as  before,  but  it  rapidly  resumed  its  ordinary  type.  The 
patient  had  also  tried  a  great  many  different  kinds  of  baths  ;  in 
fact,  as  he  expressed  himself, '  everything  except  galvanism,'  when 
he  came  under  my  care. 

He  was  in  bed  when  I  first  saw  him,  racked  with  pain,  which 
shot  periodically  through  the  right  instep.  I  persuaded  him, 
much  against  his  "will,  to  let  me  use  the  hypodei'mic  syringe,  and 
injected  one-third  of  a  grain  of  morphia  with  one-thirty- sixth 
part  of  a  grain  of  atropia,  near  the  internal  malleolus.  This 
had  no  further  effect  than  to  make  him  feel  somewhat  giddy, 
and  to  make  the  tongue  very  dry ;  but  it  did  not  relieve  the 
pain  at  all.  The  patient  being  convinced  of  the  uselessness  of 
this  proceeding  in  his  case,  at  my  next  visit  I  used  at  his  urgent 
request  the  continuous  current.  This  was  applied,  not  loco 
dolenti,  but  at  the  neck,  to  the  course  of  the  cervical  sym- 
pathetic nerve.  After  the  first  appHcation  the  patient  had  about 
an  hour's  freedom  from  pain ;  after  the  second,  a  somewhat 
longer  interval  took  place ;  and  after  the  third,  the  severity  of 
the  suffering  was  considerably  diminished.  He  had  altogether 
ten  applications  in  eight  days,  after  which  the  pain  was  entirely 
reheved;  while  usually  such  an  attack  had  lasted  a  month  with  him. 
I  now  put  the  patient  on  a  course  of  nitrate  of  silver — almost 
the  only  medicine  which  he  had  not  yet  taken — for  improving  the 
other  symptoms  of  ataxy ;  and  he  took  this,  in  doses  of  from  one- 
sixth  to  a  half  grain,  for  six  weeks,  with  decidedly  good  effects. 
He  continued  quite  free  from  pain  for  about  six  months,  the  next 
attack  occurring  in  August,  having  been  due  in  May  or  June. 
This  attack  was  not  nearly  so  violent  as  that  in  February,  and 
yielded  to  galvanisation  of  the  sympathetic  in  the  most  satisfac- 
tory manner.  Until  April  1871,  when  I  last  saw  him,  no  further 
attack  had  taken  place  ;  and  although  it  would  be  rash  to  assume 
that  the  patient  will  remain  altogether  free,  yet  life  has  in  the 
meantime  been  rather  an  enjoyment  to  him  than  a  burden,  and 
his  prospects  altogether  appear  decidedly  favourable. 
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X.— SPINAL  EXHAUSTION. 


Atony  of  the  spinal  cord  not  unfrequentlj  occurs  "without  any 
structural  disease,  and  is  often  not  recognised,  because  many 
practitioners  look  upon  the  complaints  of  these  patients  as  the 
mere  offspring  of  a  disordered  imagination,  and  therefore  class 
them  under  the  convenient  name  of  hypochondriasis,  in  the 
male  sex ;  and  of  hysteria,  if  occurring  in  women.  The  illness 
of  such  patients,  however,  is  not  imaginary,  but  real,  and  they 
suffer  quite  as  much  as  if  they  were  affected  by  some  organic 
disease.  One  form  of  spinal  exhaustion  is  characterised  by 
nervousness,  imperfect  digestion,  and  increased  elimination  of 
urea  by  the  urine.  Of  this  form,  which  I  have  reason  to  believe 
to  be  very  frequent,  the  following  is  a  good  example : — 

Case  55. — F.  S.,  aged  42,  a  gentleman  actively  engaged  in 
speculative  business,  had  to  do  unusually  hard  work,  and  to 
undergo  considerable  anxiety  during  the  autumn  of  1865.  He 
had  felt  nervous  and  irritable  for  a  long  time  previous  to  this ; 
but  the  first  symptom  of  real  illness  which  supervened  was 
sleeplessness,  which  commenced  in  ]S"ovember  1865,  and  gradually 
got  worse  until  March  1866.  He  either  did  not  go  to  sleep  at 
all  on  getting  into  bed,  or  if  he  dropped  asleep  from  utter  weari- 
ness, he  woke  up  again  in  about  half  an  hour,  and  lay  restless 
during  the  remainder  of  the  night.  Besides  this,  he  complained 
of  a  feeling  of  great  exhaustion,  total  disinclination  to  work, 
and  to  bodily  exercise  of  any  kind ;  of  weakness  in  the  back,  and 
pain  at  the  nape  of  the  neck.  He  was  easily  excited  and 
woi-ried  by  little  things,  and  extremely  intolerant  of  noise,  or  of 
being  asked  any  questions.  He  was  often  troubled  with  a  sense 
of  vague  alarm,  and  distressing  sensations  in  the  head.  He 
disliked  his  meals,  and  generally  suffered  from  heaviness  on  the 
chest,  flatulence  and  pyrosis,  which  seemed  to  be  independent 
upon  the  quality  or  quantity  of  the  food  taken,  and  which 
came  on  chiefly  after  emotions  or  excitement.  He  was  also 
much  inconvenienced  by  frequent  calls  to  pass  the  urine, 
especially  in  the  morning  after  breakfast.  The  analysis  of  the 
urine  showed  at  once  the  nature  of  the  morbid  condition,  as  I 
found  it  to  contain  a  considerable  excess  of  urea.  I  now 
examined  the  urine  daily  for  some  time,  and  found  that  this 
excess  of  urea  was  not  accidental  but  constant.  The  body- 
weight  of  the  patient  was  eleven  stone  three  pounds,  and  the 
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daily  quantity  of  urea  excreted  "by  him  stould  therefore  have 
been  about  550  grains.  It  was,  however,  continually  several 
hundred  grains  in  excess  of  this,  as  shovni  in  the  following 
table : — 


Number  of 
Pluid  Ounces 

Specific 

Quantity  of 

Morbid 
Excess  of 
Urea  in 
Grains 

Date. 

of  ITrine 

Gravity  of 

Urea  in 

Treatment 

passed  in  24 
Hours 

Urine 

Grains 

Marcli 

17 

58 

1027 

808 

258 

18 

not  noted 

not  noted 

not  noted 

not  noted 

19 

„ 

,, 

3) 

20 

56 

1027 

780 

230 

Galvanism 

21 

52 

1027 

724 

174 

22 

57i 

1027 

801 

251 

Galvanism 

23 

46 

1026 

638 

88 

24 

52 

1026 

721 

171 

25 

not  noted 

not  noted 

not  noted 

not  noted 

26 

57 

1026 

790 

240 

Galvanism 

27 

52 

1025 

718 

168 

28 

48 

1025 

662 

112 

Galvanism 

29 

47 

1025 

649 

99 

30 

49 

1024 

671 

121 

31 

44 

1024 

603 

53 

Galvanism 

April 
1 

not  noted 

not  noted 

not  noted 

not  noted 

2 

,, 

,j 

,, 

Galvanism 

3 

42 

1023 

557 

"7 

4 

46 

1023 

611 

61 

Galvanism 

' 

43 

1022 

554 

4 

This  patient  was  only  treated  with  the  application  of  the 
constant  current  to  the  spine  ;  and  the  influence  of  each  appli- 
cation in  diminishing  the  excretion  of  urea  is  well  shown  in  the 
table.  The  improvement  in  the  general  health  went  pari  passu, 
with  this.  The  patient  had  three  hours'  uninterrupted  sleep  after 
the  first  induction  of  anelectrotonus,  and  that  most  troublesome 
symptom,  sleeplessness,  which  had  resisted  morphine,  was  soon 
entirely  removed.  After  three  weeks'  treatment  the  patient  felt 
like  another  man,  being  able  to  exert  himself  both  mentally  and 
bodily,  to  enjoy  his  meals,  and  to  take  an  interest  in  the  concerns 
of  daily  life. 

The  case  just  related,  to  which  I  might  add  many  more,  shows 
in  a  striking  manner  how  much  the  functions  of  digestion  and 
urinary  secretion  are  under  the  influence  of  the  nervous  system. 
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Patients  of  this  class  have  no  disease  of  the  stomach  oi'  the 
kidneys,  as  they  are  often  inclined  to  helieve,  but  suffer  from 
impaired  nutrition  of  the  cord,  which  is  a  functional  disorder, 
and  generally  yields  to  galvanisation.  No  doubt  patients  of  this 
class  are  often  benefited  by  rest,  change  of  air,  mineral  acids, 
arsenic,  nitrate  of  silver,  and  other  nerve-tonics  ;  yet  in  almost 
all  those  "whom  I  have  had  under  my  care,  some  such  remedies 
had  already  been  employed  without  much  or  any  result ;  and  I 
am  satisfied  that  none  of  them  equal  the  constant  current  in 
ef&cacy  and  quickness  of  effect.  If  applied  in  the  manner  de- 
scribed above,  the  current  has  no  direct  efiect  on  the  stomach,  and 
yet  it  cures  dyspepsia  ;  it  has  no  immediate  action  on  the  kidneys^ 
and  yet  it  checks  the  morbidly-increased  elimination  of  urea  ;  it 
has,  however,  a  powerful  influence  on  the  condition  of  the  gang- 
lion-cells of  the  spinal  cord,  and  on  the  current  of  animal  electri- 
city in  it.  In  strengthening  this  current,  where  it  is  weak  ;  in 
correcting  it  where  its  direction  may  be  perverted,  it  not  only 
does  away  with  the  weakness  and  morbid  excitability  more 
immediately  depending  upon  the  pathological  condition  of  the 
cord,  but  it  also  indirectly  removes  symptoms  on  the  part  of  re- 
mote organs,  such  as  the  stomach  and  kidneys,  which  are  due, 
not  to  a  disease  of  their  own  structure,  but  to  a  perverted  and 
diminished  nervous  supply,  which  prevents  them  from  properly 
fulfilling  their  functions  in  the  human  economy. 

Spinal  exhaustion  likewise  occvirs  in  young  persons  who  have 
grown  unusually  fast,  and  is  then  often  associated  with  increased 
elimination  of  phosphates  by  the  urine. 

Case  56. — A  youog  lady,  aged  22,  very  tall  and  of  sallow  com- 
plexion, came  under  my  care  in  February  1866.  She  had  grown 
rapidly,  especially  between  her  seventeenth  and  nineteenth  year,^ 
and  had  been  ailing  ever  since.  All  the  symptoms  were  referable 
to  imperfect  nutrition  of  the  spinal  cord  and  osseous  system,  and 
had  lately  increased  to  such  an  extent  as  to  cause  her  parents 
much  uneasiness.  Being  of  an  impulsive  and  highly- gifted 
nature,  she  would  take  a  passionate  interest  in  certain  things, 
and  devote  many  hours  of  hard  work  to  mastering  a  subject 
which  attracted  her  imagination ;  after  which  she  would  be  com- 
pletely exhausted  and  prostrated  for  days  or  weeks,  and  be  unable 
to  do  anything  whatever.  She  often  suffered  from  excruciating 
pains  in  the  lower  part  of  the  spine,  especially  on  making  a 
sudden  movement.     She  was  almost  entii-ely  incapacitated  from 
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taking  active  exercise,  partly  by  pain  and  partly  by  weakness. 
The  bones  were  sore  and  tender,  and  there  was  an  excess  of 
phosphates  in  the  urine.  Her  appetite  was  fanciful,  her  digestion 
weak,  and  the  bowels  habitually  costive.  The  catamenia  were 
regular,  but  pale  and  scanty.  She  had  already  taken  a  great 
many  medicines,  amongst  which  was  phosphoric  acid  in  combi- 
nation with  iron.  I  prescribed  phosphorus  in  the  form  of  the 
hypophosphite  of  lime,  and  applied  the  continuous  current  to  the 
cord  and  the  root  of  the  spinal  nerves  three  times  a  week  for  a 
month.  The  patient  was,  in  about  a  fortnight  from  the  com- 
mencement of  the  treatment,  able  to  walk  out  and  take  active 
exercise.  Her  digestion  gradually  improved,  the  morbidly-in- 
creased elimination  of  phosphates  by  the  urine  was  checked,  the 
catamenia  became  of  a  healthy  character,  and  the  bones  became 
less  sensitive.  She  took  the  hypophosphite  altogether  for  three 
months,  after  which  she  appeared  quite  well.  She  had  become 
stouter,  and  could  walk  for  miles  without  fatigue.  The  beneficial 
effects  of  galvanisation  were  very  strikingly  shown,  inasmuch  as 
at  first  the  patient  could  only  walk  on  those  days  when  the 
current  had  been  applied,  but  not  on  the  other  days.  The  pain 
which  she  used  to  feel  in  the  spine  disappeared"  after  two  applica- 
tions of  the  current — a  circumstance  which  could  not  be  ascribed 
to  the  medicine  she  was  taking,  as  this  has  a  very  slow  and 
gradual  action  in  the  system,  while  the  effect  of  galvanisation  is 
generally  immediate. 

XI.— EXOPHTHALMIC  GOITRE,  BASEDOW'S  DISEASE, 
GRAVES'S  DISEASE. 

This  disease  occurs  chiefly  in  female  patients  between  twenty 
and  thirty  years  of  age,  and  its  principal  symptoms  are  palpita- 
tions of  the  heart,  enlargement  of  the  thyroid  body,  and  exoph- 
thalmus.  A  purely  medicinal  treatment  rarely  does  much  good, 
3,nd  the  proceeding  known  as  galvanisation  of  the  cervical  sympa- 
thetic nerve  appears  to  be  the  most  rational  remedy  for  it.  Dr. 
Wietfeld  ^  and  Moritz  Meyer  "^  have  used  it  successfully  in  several 
cases,  and  as  most  internal  remedies  do  no  good  in  Basedow's 
disease,  this  should  in  its  very  commencement  be  treated  by  the 
constant  current. 

*  Medical  Times  and  Gazette,  November  1868. 

^  Berliner  klinische  Wocheuschrift,  No.  39.     1872.  -     ■ 
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XII.— PEOGRESSIVE  MUSCULAR  ATROPHY,  WASTING 
PALSY,  CRUYEILHIER'S  DISEASE. 

The  pathology  of  this  affection  is  still  unsettled,  for  while  some 
physicians  believe  it  to  be  a  primary  disease  of  the  muscular  sub- 
stance, others  look  for  its  seat  in  the  grey  matter  of  the  antero- 
lateral columns  of  the  cord.  I  hold  the  latter  opinion,  and  there- 
fore strongly  advise  to  treat  the  complaint  from  the  first  by 
galvanisation  of  the  cord  and  the  cervical  sympathetic  nerve. 

There  are  two  forms  of  this  disease,  the  -partial  and  the  general 
form.  The  general  form  begins  either  in  the  upper  or  in  the 
lower  extremities,  and,  as  it  almost  always  spreads  to  the  trunk, 
threatens  hfe.  The  partial  form  is  not  usually  fatal,  but  it  may 
pass  into  the  general  form,  and  thus  ultimately  cause  death  ;  it 
begins  either  in  the  hand  or  in  the  shoulder,  generally  of  the  right 
side,  and  may  destroy  many  muscles  of  the  upper  extremity, 
while  in  the  general  form  all  the  voluntary  muscles  throughout 
the  body  may  suffer,  with  the  escejDtion  only  of  those  of  the  eye- 
ball and  of  mastication. 

When  the  disease  begins  in  the  hand,  the  muscles  of  the  thumb 
are  generally  the  first  to  become  attacked  ;  the  thenar  eminence 
becomes  replaced  by  a  flattened  hollow  space  between  the  first 
and  second  metacarpal  bones  ;  afterwards  the  interossei  and 
lumbricales  and  the  hypothenar  eminence  become  affected. 
From  the  hand  the  disease  spreads  to  the  fore-arm,  the  extensors 
of  which  are  especially  liable  to  it ;  but  the  flexor  muscles  may  also 
be  destroyed,  and  in  this  case  the  two  last  phalanges  cannot  be 
bent,  so  that  the  patient  is  unable  to  grasp  or  seize  anything 
with  the  hand.  In  other  instances  wasting  palsy  first  invades 
the  muscles  of  the  shoulder,  attacking  with  preference  the 
trapezius,  serratus,  the  rhomboidei,  and  other  muscles  which 
connect  the  scapula  with  the  trunk  ;  the  scapula  is  consequently 
displaced  and  twisted  round  its  axis,  its  upper  angle  being  de- 
pressed by  the  weight  of  the  arm,  while  its  lower  angle  is  raised, 
and  projects  one  or  two  inches  from  the  surface  of  the  thorax. 
From  the  shoulder  the  disease  spreads  towards  the  arm,  destroy- 
ing the  deltoid  and  biceps ;  owing  to  which  the  acromion  and 
coracoid  process  become  prominent  under  the  skin,  and  serious 
functional  disturbances  follow.  Although  the  patients  generally 
learn  in  the  course  of  time  to  manoeuvre  cleverly,  so  as  to  comjDel 
muscles  which  have  escaped  destruction  to  do  the  work  of  those 
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whicli  are  wasted,  they  are  at  last  no  longer  able  to  raise  the  arm 
nor  to  bend  the  elbow ;  thej  can  neither  dress  nor  feed  themselves, 
and  ezperience  considerable  difficulty  in  putting  on  a  hat  or 
drawing  a  handkerchief  from  tlie  pocket.  If  the  muscles  of  the 
lower  extremities  are  attacked,  walking  becomes  difficult ;  and  at 
length  paralysis  follows.  The  muscles  of  the  chest,  chiefly  the 
pectoralis  major,  become  affected  in  their  turn ;  tbe  chest  appears 
shrunk,  especially  beneath  the  collar-bones. 

A  certain  sign  that  the  disease  will  shortly  prove  fatal  is 
destruction  of  the  facial  muscles ;  the  physiognomy  loses  all  ex- 
pression ;  the  saliva  flows  involuntarily ;  articulation  becomes 
slow  and  difficult ;  and  finally,  the  muscles  of  deglutition  and  the 
diaphragm  lose  their  power.  This  generally  closes  the  scene,  as 
the  slightest  impediment  to  respiration  which  may  supervene 
produces  asphyxia, 

No  medicinal  treatment  appears  to  do  the  least  good  in  progres- 
sive muscular  atrophy,  and  treatment  by  the  constant  current  is 
the  only  proper  one.  Faradisation  has  been  fairly  tried  during 
the  Jast  fifteen  years  by  many  observers,  but  has  been  found 
wanting,  more  especially  in  the  general  form  of  the  disease  ;  while, 
if  the  continuous  current  is  used  with  perseverance,  the  patients 
may  recover  even  after  the  disease  has  reduced  them  to  utter 
helplessness.  A  local  application  of  the  current  to  the  muscles  may 
be  combined  with  galvanisation  of  the  cord  and  the  cervical 
sympathetic. 

Dr.  ISTeumann,^  of  Magdeburg,  has  published  a  most  instructive 
case  of  this  afiection,  which  had  proceeded  to  paralysis  of  all 
four  extremities,  and  yielded  to  the  u.se  of  the  continuous 
current.  The  patient  was  a  youth,  aged  19,  who  had  had  the 
measles  in  July  1866,  and,  after  recovering  from  them,  had  felt 
unable  to  do  the  same  amount  of  physical  work  as  before.  He 
went  on  comparatively  well,  however,  till  he  over- exerted  Mm- 
self  considerably  one  day,  after  whicb  symptoms  of  atrophy  and 
paralysis  supervened  rapidly,  the  patient  becoming  completely 
paralysed  within  a  month.  He  came  under  treatment  in  October 
1866,  when  he  could  move  neitber  his  arms  nor  his  legs.  There 
were  the  usual  fibrillary  twitches,  but  no  anesthesia.  The  diag- 
nosis was  rendered  certain  by  harpooning  a  piece  of  muscle,  and 
examining  it  microscopically,  wben  the  diameter  of  the  muscular 
fibres  appeared  diminished  ;  there  were  plenty  of  fat-globules  of 

'  Berliner  klinische  Wochenselirift,  September  14,  1868. 
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different  size,  and  the  transverse  stripes  were  mostly  gone.  In 
Pecember  1866,  tlie  patient  could  not  make  any  movement 
except  flex  the  fingers  very  slightly,  nod  his  head,  breathe,  and 
masticate  and  swallow  his  food.  The  expulsive  power  of  the 
bladder  and  rectum  remained  normal.  Electro-muscular  con- 
tractility was  considerably  diminished,  but  the  appetite,  diges- 
tion, and  sleep  were  excellent. 

At  first  the  induced  current  was  applied  to  the  muscles,  but  as 
the  patient  got  worse  under  its  use,  the  continuous  current  of 
twenty  cells  of  Daniell's  battery  was  directed  to  the  sympathetic, 
the  positive  pole  being  on  the  nape  of  the  neck,  and  the  negative 
on  the  throat,  five  minutes  at  each  side,  for  three  months  every 
day,  and  then  the  negative  pole  was  applied  to  the  upper  cervical 
ganglion,  and  the  positive  to  the  lower  ganglion,  likewise  for  five 
minutes  each  time.  After  a  week's  treatment  the  patient  felt 
stronger  in  the  extremities  ;  and  in  a  few  weeks  more  a  real 
increase  of  power  could  be  ascertained,  at  first  in  the  legs,  and 
then  in  the  arms.  In  May  1867,  he  could  walk,  although  still 
in  an  awkward  manner.  In  September  1867,  the  muscles  were 
again  examined,  and  still  found  in  a  state  of  fatty  degeneration. 
In  October  1867,  the  patient  could  put  a  piece  of  bread  in  his 
mouth.  From  January  1868,  the  improvement  began  to  progress 
rapidly,  and  in  April  the  treatment  was  discontinued.  In  May  the 
muscles  were  again  microscopically  examined ;  it  was  found  that 
there  were  only  very  few  oil-globules,  and  that  the  transverse 
stripes  had  re-appeared,  but  that  they  were  not  yet  quite  so 
distinct  as  they  are  in  health.  The  intra-muscular  nerves  were 
found  perfectly  healthy. 

This  case  was  remarkable  by  its  rapid  progress,  as  the  disease 
became  fully  developed  in  two  and  a  half  months,  the  paralysis 
being  proportionate  in  degree  to  the  atrophy,  and  both  corre- 
sponding in  extent  to  the  degree  of  electro-muscular  contractility. 

XIII.— DIABETES. 

Whatever  may  be  the  nature  and  causation  of  diabetes,  there 
can  be  no  doubt  that  the  parts  forming  the  floor  of  the  fourth 
ventricle,  and  more  particularly  the  roots  of  the  pneumogastric 
nerves,  play  an  important  part  in  its  production  and  continuance. 
It  is  likewise  certain  that  the  continuous  current,  when  applied 
to  the  pneumogastric,  is  transmitted  to  the  floor  of  the  fourth 
ventricle,  and  galvanisation  of  the  vagus  seems  therefore  to  be  a 
rational  remedy  for  diabetes. 
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Signor  Mariano  Semmola^  states  tliat  electrisation  of  the 
vagus,  both  by  the  continuous  and  induced  current,  causes,  in 
diabetic  patients,  a  diminution  of  the  quantity  of  sugar  excreted, 
and  sometimes  also  of  the  quantity  of  the  urine.  The  results  of 
the  treatment  are  said  to  be  either  temporary  or  permanent. 
Where  the  patients  recover,  he  believes  them  to  have  suffered 
from  an  idiopathic  neurosis ;  but  where  the  results  were  tempo- 
rary, he  suspects  the  presence  of  structural  lesions  in  the  fourth 
ventricle. 

XIV.— EHEUMATISM  AND  EHEUMATIC  GOUT. 

In  acute  and  chronic  rheumatism  of  the  muscles,  both  faradisa- 
tion and  galvanisation  are  invaluable  remedies.  I  have  cured 
many  cases  of  long  standing  by  one  or  two  applications.  Rheu- 
matic effusions  in  the  joints  are  likewise  amenable  to  faradisation 
and  galvanisation,  but  require  a  longer  treatment  than  muscular 
rheumatism.  Muscular  contractions  after  rheumatism,  which  fre- 
quently resist  a  purely  medical  treatment,  generally  yield  to 
galvanisation. 

Case  57. — T.  C,  a  musician,  aged  31,  had,  during  a  tour  in 
Scotland,  in  the  summer  of  1859,  contracted  severe  rheumatism 
in  the  right  shoulder  and  arm,  which  prevented  him  from  fol- 
lowing his  occupation.  He  had  followed  various  courses  of 
treatment,  and  taken  large  quantities  of  nitre,  bicarbonate  of  soda, 
iodide  of  potassium,  and  guajac.  The  pain  was  relieved  after  a 
time,  but  it  never  entirely  left  him,  and  a  considerable  contrac- 
tion of  the  flexor  muscles,  both  of  the  arm  and  fore-arm,  remained, 
for  which  all  remedies  proved  useless.  He  consulted  me  in 
September  1861,  when  I  found  the  arm  in  the  following  con- 
dition : — There  was  some  anaesthesia  in  the  arm,  for  the  patient 
did  not  feel  the  prick  of  a  pin,  nor  could  he  distinguish  the  two 
points  of  the  gesthesiometer  when  held  at  the  usual  distance.  He 
complained  of  a  dull  aching  pain,  which  at  times  became  acute, 
and  was  very  severe  when  he  got  into  bed.  The  fingers  were 
very  numb.  The  biceps  and  brachialis  internus  muscles  were  so 
contracted  that  the  arm  was  flexed  in  an  angle  of  about  65°,  and 
could  not  be  extended ;  the  flexor  digitorum  communis  was 
also  rigid,  although  in  a  less  considerable  degree,  and  the 
interossei  and  lumbricals  were  so  much  wasted,  that  the  hand 

1  Comptes  rendiis,  1861.     Vol.  liii.  p.  399, 
S  S 


626  ELECTKO-THEKAPEUTICS  chap.  v. 

was  nearly  useless.  The  bulk  of  the  arm  was  considerably 
diminished,  being  only  eleven  and  a  half  inches  at  a  point  eight 
inches  downwards  from  the  acromion,  and  only  nine  inches  at  a 
point  three  inches  downwards  from  the  olecranon  ;  the  corre- 
sponding numbers  for  the  left  arm  being  thirteen  and  ten  and  a 
quarter.  The  genei-al  health  of  the  patient  was  tolerably  good, 
but  the  appetite  was  indifferent,  and  the  urine  was  loaded  with 
urates.  I  prescribed  Vichy  water  to  be  taken  internally,  and 
faradisation  and  galvanisation  of  the  right  arm.  The  result  of 
this  treatment  was  most  satisfactory.  In  the  course  of  a  week 
the  pain  disappeared.  Soon  afterwards,  the  rigidity  of  the 
muscles  began  to  subside,  sensation  was  re-established,  and  the 
right  arm  increased  so  much  in  bulk,  that  after  three  weeks  it 
equalled  the  left.  In  the  meantime;  the  urine  had,  by  the  use  of 
Vichy  water,  become  normal,  and  the  appetite  was  much 
better.  The  interossei  and  lumbrical  muscles  were  most  stubborn, 
and  only  showed  signs  of  improvement  at  the  end  of  the  third 
week.  They  then  rapidly  regained  power,  and  a  fortnight 
afterwards  the  patient  was  in  excellent  health,  and  able  to  resume 
his  avocation. 

Case  58., — Rheu7naUsm  of  tlie  Deltoid  Muscle. 

Dr.  T.,  aged  47,  had  been  a  sufferer  from  rheumatism  in  the 
left  shoulder  for  more  than  seven  years,  when  he  came  under  my 
care  (1857).  He  had  tried  almost  every  means  for  the  relief  of 
the  pain,  which,  especially  in  autumn  and  winter,  became  very 
troublesome  ;  he  had  also  used  magneto-electricity,  applied  in  the 
old-fashioned  way  of  sending  the  current  through  both  arms,  but 
without  any  beneficial  efiect.  I  faradised  the  skin,  and  after  two 
applications  the  pain  was  gone,  and  has  not  since  returned. 

Lumhago,  which  is  a  rheumatic  affection  of  the  muscles  of  the 
loins,  yields  readily  to  galvanisation  and  faradisation.  If  the  latter 
be  used,  it  should  not  be  for  less  than  twenty  minutes  at  a  time, 
and  it  may  be  repeated  two  or  three  times  the  same  day,  if  neces- 
sary. The  constant  current  need  only  be  employed  for  five  or 
ten  minutes  at  a  time,  and  we  should  place  the  anode  to  the 
most  sensitive  point. 

Case  59. — BJieumatism  in  the  Hands  and  Fingers. 
A  spinster  lady,  aged  76,  was  sent  to  me  by  Dr.  Peter  Allen, 
in   N'ovember   1871.     She   had  for  many   years  suffered  from 
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rheumatic  swellings  and  pain  in  the  Joints  of  tlie  thumb  and 
other  fingei'S,  principally  of  the  right  hand,  and  also  from  loss 
of  power  in  the  hands  and  fingers.  She  experienced  con- 
siderable difficulty  in  picking  up  little  things,  and  on  using  the 
hands  the  pain  became  so  much  worse  that  she  was  prevented 
from  doing  any  work,  which  was  a  great  privation  to  her,  as  she 
was  of  a  very  active  disposition.  She  also  complained  of  disturbed 
sleep,  loss  of  energy,  and  impaired  memory.  After  a  short  treat- 
ment, which  consisted  principally  of  the  application  of  the 
constant  current  to  the  spinal  cord,  the  cervical  sympathetic 
nerve,  and  to  the  nerves  and  muscles  of  the  hands  and  fingers, 
the  patient  felt  better  in  every  respect.  Her  nights  were  very 
comfortable,  her  memory  improved,  the  hands  and  fingers  felt 
much  stronger,  and  she  was  a  great  deal  more  brisk  and  energetic. 
Considering  the  age  and  general  condition  of  the  patient,  this 
might  at  first  sight  have  appeared  an  unpromising  case  ;  but  a 
marked  improvement  took  place  after  the  first  application  of 
galvanism,  and  the  final  result  was  most  satisfactory. 

Itheumatic  gotot  consists  of  a  nutritive  disturbance  of  the  joints 
which  is  peculiar  to  old  age,  or  premature  old  age.  By  far  the 
largest  number  of  cases  of  this  disease  are  observed  after  the  age 
of  45 ;  and  although  instances  of  it  occur  in  much  younger  persons, 
yet  we  invariably  find,  when  such  is  the  case,  that  emotions, 
anxiety,  privations,  voluntary  or  involuntary  ofi'eaces  against  the 
laws  of  hygiene,  and  other  debilitating  influences,  liave  produced 
a  sort  of  premature  senile  decay  in  the  persons  thus  aifected.  The 
morbid  process  which  under  these  circumstances  takes  place  in 
the  joints,  is  very  analogous  to  the  atheromatous  process  which 
occurs  in  the  internal  tunic  of  the  arteries  at  the  same  period  of 
life,  and  which  nobody  thinks  of  putting  down  to  a  special  poison 
generated  in  the  system.  It  constitutes  one  of  those  highlj- 
insidious  and  chronic  inflammatory  conditions  which  are  charac- 
teristic of  the  period  of  involution  and  senile  decay. 

This  peculiar  kind  of  inflammation,  which,  if  it  occur  in  the  sy- 
novial membrane  and  the  articular  cartilages,  we  call  rheumatic 
gout,  or  rheumatoid  arthritis,  or  arthritis  deformans,  and  which, 
if  observed  in  the  intima  tunic  of  the  arteries,  we  call  endo- arteritis 
deformans,  or  the  atheromatous  process,  never  seems  to  lead  to 
suppuration,  as  it  is  not  intense  enough  for  that.  The  first  thing 
that  occurs  in  the  joints  is",hyperplastic  proliferation  of  all  the 
parts  involving  the  same.     The  synovial  membrane  throws  out, 
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partly,  somewhat  large  pediculated  polypi,  consisting  of  fat  and 
connective  tissue,  and  partly  a  finer  kind  of  tufts  and  fringes, 
causing  a  peculiar  roughness  of  the  surface,  which  Volckmann 
has  appropriately  likened  to  a  sheep's-skin.  The  cartilages  like- 
wise become  proliferated,  at  first  in  their  superficial  and  external 
layers,  and  subsequently  in  their  deeper  parts.  The  natural 
consequence  of  this  tissue-change  is,  that  the  joints  are  no  longer 
able  to  stand  the  wear  and  tear,  either  of  motion  or  of  pressure, 
which  is  put  upon  them.  The  structure,  therefore,  gradually 
perishes,  and  prolifei-ation  continues  only  at  the  edges  of  the 
articular  cartilages.  There  is,  however,  no  uniform  swelling 
there,  but  numberless  small  nodes  are  formed,  which  are  as  many 
ecchondroses,  and  which  gradually  coalesce  to  form  a  sort  of 
wreath  round  the  joint.  The  surface  of  the  bone  thus  becomes 
gradually  denuded.  This,  however,  does  not  cause  caries,  but 
ostitis,  terminating  in  sclerosis  ;  and  the  bone  becomes  covered 
with  a  smooth,  shining,  white,  and  firm  osseous  plate,  on  which 
traces  of  the  mechanical  injuries  to  which  it  has  been  exposed 
during  life  may  often  be  discovered.  This  brittle  osseous  tissue 
cannot,  in  the  nature  of  things,  resist  in  the  long  run  the  con- 
stant friction  and  grinding  to  which  it  is  exposed,  however  quiet 
the  patients  Ta.a.j  keep,  in  order  to  avoid  the  pain  which  is  caused 
by  every  motion.  If  two  pieces  of  pumice-stone  were  constantly 
rubbed  against  one  another,  only  little  would  be  left  after  a  time ; 
and  in  a  similar  mar  "aer  the  surface  of  the  bone  gradually  wastes 
away.  Whole  epiphyses  may  thus  perish  ;  the  neck  of  the  femur 
will  disappear:  and  .the  afiected  joints  will  altogether  be  so 
deformed  that  only  little,  if  anything,  is  left  of  the  original 
structure. 

Looking,  then,  upon  rheumatic  gout  as  a  disease  of  malnutri- 
tion peculiar  to  the  period  of  involution  and  senile  decay,  we 
must  not  be  led  away  by  the  term  '  inflammation  '  into  antophlo- 
gistic  measures,  which  only  make  matters  worse  ;  but  the  great 
aim  of  our  treatment  should  be  to  support  and  stimulate  the 
failing  powers.  The  remedies  upon  which  chief  reliance  is 
placed  by  the  best  observers,  are  therefore  bark,  mineral  acids, 
strychnia,  iron,  cod-liver  oil,  and  arsenic.  There  can  be  no 
doubt,  from  the  positive  statements  of  reliable  practitioners,  that 
in  a  considerable  proportion  of  cases  these  remedies  do  a  great 
deal  of  good :  yet  how  frequently  do  we  see  patients  who  have 
for  months  and  years  been  under  the  care  of  the  most  eminent 
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physicians,  familiar  "vvith  all  the  ordinary  resources  of  the  art ; 
■who  have  had  everything  done  for  them  which  money  can  pro- 
cure ;  "svho  have  not  only  taken  gallons  of  physic,  but  paid  one 
visit  after  another  to  Buxton,  Bath,  Wiesbaden,  and  Wildbad, 
and  who  yet  find  the  distressing  symptoms  of  their  complaint 
gradually  becoming  intensified,  the  pain  more  severe,  the  de- 
formity greater,  the  helplessness  more  embarrassing.  Surely 
under  such  circumstances  we  cannot  look  with  any  degree  of 
satisfaction  upon  our  present  treatment  of  rheumatic  gout :  and 
any  means  which  promises,  from  general  considerations,  to  be 
really  effective  in  such  cases,  should  have  a  fair  trial  given  to  it. 

Holding  these  views,  I  have  lately  sought  and  found  many 
opportunities  of  using  in  this  distressing  distemper  that  m.ost 
active  stimulant  of  nutrition,  the  continuous  current ;  and, 
although  I  am  far  from  considering  it  a  specific  or  a  panacea 
for  all  cases  of  rheumatic  gout,  yet  I  have  seen  enough  of  its 
efiects  to  convince  me  that  in  cases  where  the  most  approved 
lines  of  medicinal  and  hydrotherapeutic  treatment,  intelligently 
and  perseveringly  followed,  have,  after  months  and  years  of  trial, 
left  the  patient  no  better  but  rather  worse  than  before,  the  con- 
stant current,  judiciously  administered,  may  do  great  good  in  a 
variety  of  ways.  I  do  not  mean  to  say  that  we  can  by  its  aid 
really  cure  rheumatic  gout.  The  current  cannot  reproduce 
wasted  cartilages,  nor  restore  its  normal  structui^e  to  a  sclerosed 
bone  ;  it  cannot  prevent  the  patients  from  advancing  in  age,  nor 
arrest  altogether  the  process  of  involution  and  senile  decay  to 
which  the  system  must  in  the  end  succumb ;  yet  it  can  do  much 
good.  The  following  is  a  summary  of  the  results  of  my  experi- 
ence about  the  therapeutical  capabilities  of  the  current  in  the 
disease  now  under  consideration. 

1.  It  acts  as  a  general  tonic  to  the  system,  and  more  especially 
to  the  nervous  system.  Although  in  some  cases  of  rheumatic 
gout  the  appetite  is  tolerably  good,  the  food  taken  is  pretty  well 
digested,  and  the  action  of  the  liver,  the  alvine  evacuations,  and 
the  urinary  secretion,  are  not  very  materially  interfered  with, 
yet  we  find  that  the  large  majority  of  patients  suffer  from  some 
form  of  dyspepsia  and  impaired  action  of  the  liver,  bowels,  and 
kidneys.  In  the  cases  to  which  I  now  allude,  there  is  no  actual 
disease  of  these  organs,  which  sometimes  becomes  developed 
towards  the  end ;  but  there  is  functional  debility,  owing  to  an 
insufficient    supply    of  nervous    force   to  the  parts   mentioned. 
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Tlius  an  insufficient  quantity  of  food  is  taken ;  that  whicL.  is 
taken  is  imperfectly  digested ;  the  elimination  of  effete  matters 
from  the  system  is  slackened ;  and  the  consequence  of  all  this 
is  a  degree  of  debility  which  is  more  alarming  to  the  experienced 
observer  than  the  discomfort  and  pain  attending  the  local  mani- 
festations of  the  disease  in  the  joints.  Patients  of  this  class  have 
often  considerable  difficulty  in  taking  medicinal  tonics,  which  are 
apt  to  heat  the  system,  while  alteratives  often  lower  it  still  more. 
Under  such  circumstances  the  constant  current  is  often  remark- 
ably effective  in  rousing  nervous  energy  and  improving  all  the 
most  important  functions  of  the  body.  The  best  mode  of  appli- 
cation for  this  purpose  is  to  direct  the  anode,  armed  with  a  con- 
ductor of  large  surface,  to  the  cervical  spine,  while  the  cathode, 
similarly  armed,  is  placed  on  the  pit  of  the  stomach.  A  gentle 
current,  which  even  patients  of  exquisite  sensibility  can  well  bear, 
is  thus  allowed  to  flow  for  from  three  to  five  minutes  in  the  direc- 
tion just  described.  By  this  application  the  base  of  the  brain, 
the  spinal  cord,  and  the  solar  plexus  of  nerves,  are  simultaneously 
brought  under  the  influence  of  the  current. 

2.  Want  of  sleep  is  one  of  the  chief  complaints  of  patients  suffer- 
ing from  rheumatic  gout.  This  arises  partly  from  want  of  exer- 
cise in  the  open  air,  and  partly  from  the  circumstance  that  the 
pain  is  apt  to  get  worse  at  night.  The  patient  keeps  tossing 
about  in  bed  from  being  unable  to  find  a  really  comfortable  po- 
sition. '  N"ature's  sweet  restorer '  thus  flees  the  pillow  of  the 
sufierer,  who  generally  dreads  the  night  as  his  worst  time. 
Opium  and  morphia  are  rarely  applicable  in  these  cases,  as  they 
generally  excite  rather  than  soothe,  and  impair  the  action  of  the 
stomach  and  the  liver  still  more.  Hydrate  of  chloral  often  steps 
in  as  the  right  thing  in  the  right  place  ;  but  we  frequently  find 
cases  in  which  the  system  does  not  tolerate  it,  either  in  small  or 
large  doses.  "Where  morphia  and  chloral  fail  to  procure  sleep, 
few  other  drugs  will  succeed  in  doing  so  ;  and  it  must  therefore 
be  looked  upon  as  a  considerable  advantage  connected  with  the 
use  of  the  constant  current,  that  under  its  influence  sleep  soon 
becomes  prolonged  and  refreshing.  ISTo  special  application  is 
necessary  for  attaining  this  end,  the  one  I  have  just  mentioned 
being  quite  sufficient. 

3.  Pain  is  another  invariable  symptom  of  rheumatic  gout,  and 
one  which  frequently  resists  the  administration  of  sedatives  and 
counter-irritants.     Even  subcutaneous  injections  of  morphia  and 
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atropia  tave  only  a  temporary  effect,  wliicli  rarely  extends  beyond 
twelve  or  twenty-four  hours.  The  pain  is  generally  most  severe 
in  the  deformed  joints,  but  is  likewise  felt  in  many  other  parts  of 
the  body.  For  the  alleviation  of  the  pain,  the  constant  current 
is  the  most  useful  remedy  with  which  I  am  acquainted.  It  must 
in  this  instance  be  applied  to  the  suffering  parts,  so  that  the 
positive  pole,  armed  with  a  small  electrode,  is  made  to  touch  the 
sore  points  ;  while  the  negative,  connected  with  a  large  electrode, 
is  placed  in  the  neighbourhood.  The  current  used  may  in  this 
instance  be  somewhat  more  powerful  than  where  it  is  employed  for 
general  tonic  effects  ;  and  if  a  short  application,  say  of  one  or  two 
minutes,  be  not  successful,  this  may  be  extended  to  four  or  five 
minutes.  The  effect  is,  ia  many  instances,  almost  magical,  inas- 
xauch  as  pain,  which  has  been  fixed  in  some  particular  spot  for 
months  and  years,  is,  as  it  were,  charmed  away  by  one  or  two 
-applications. 

4.  The  deformities  which  rheumatic  gout  produces,  more  especi- 
ally in  the  interphalangeal  joints  of  the  hands  and  feet,  resist  the 
use  of  the  current  more  obstinately  than  the  other  symptoms 
which  have  been  mentioned  ;  and  it  requires  much  patience  and 
perseverance  on  the  part  of  the  practitioner  and  the  patient  to 
reduce  them  to  any  extent.  Provided,  however,  that  the  galvanic 
treatment  is  followed  up  for  a  suflB.cient  length  of  time,  even  ex- 
tensive deformities  may  be  improved,  which  is  a  matter  of  con- 
siderable importance,  as  most  patients  belong  to  the  female  sex. 
No  one  who  has  not  seen  it  can  have  any  idea  of  the  beneficial 
effects  which  the  current  will  produce  in  the  long  run  on  these 
•deformities,  even  where  they  are  extensive,  and  where  the  patients 
are  not  very  old.  It  seems  as  if  the  action  of  the  vasomotor 
nerves  were  gradually  directed  back  into  its  proper  channel. 
Unfortunately,  many  patients  want  to  be  cured  in  a  week  of  a 
disease  which  is  essentially  chronic  in  its  progress ;  and  some 
practitioners  are  inclined  to  discontinue  a  special  treatment  too 
^soon,  unless  immediate  effects  are  produced  by  it.  In  this,  as  in 
many  other  complaints,  the  ultimate  success  of  a  particular  plan 
of  therapeutics  depends  not  alone  on  the  remedies  which  are  used, 
but  also  very  materially  upon  the  more  or  less  systematic  use  made 
by  the  practitioner  of  his  remedies ;  and  last,  not  least,  upon  the 
intelligent  co-operation  of  the  patient.  In  order  to  reduce  de- 
formities, galvanisation  of  the  cervical  sympathetic  nerve  must  be 
had  recourse  to. 

By  what  I  have  said  I  do  not  by  any  means  wish  to  imply  that 
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the  use  of  internal  remedies  should  be  altogether  eschewed  in  the 
treatment  of  rheumatic  gout.  If  we  were,  for  some  reason  or 
another,  to  abstain  completely  from  their  use,  we  should  only  de- 
prive ourselves  of  many  chances  to  do  good  to  our  patients. 
Although  in  the  system  of  therapeutics  which  I  have  pursued  for 
rheumatic  gout,  I  have  given  the  first  place  to  the  constant  cur- 
rent, I  have  frequently  prescribed  medicines  which  I  thought 
would  prove  beneficial  for  removing  certain  complications  which 
were  present.  Thus,  where  there  was  an  excess  of  acidity  in  the 
system,  as  evidenced  by  a  highly  acid  condition  of  the  mucous 
membrane  of  the  tongue,  the  perspiration,  and  the  urine,  I  have 
given  alkalies  or  bismuth  ;  for  constipation,  I  have  ordered  Ma- 
rienbad  or  Friedrichshall  mineral  water ;  where  the  blood  ap- 
peared to  be  very  much  impoverished,  the  ferrum  redactum  of 
the  Pharmacopoeia,  or  Spa  water,  was  prescribed.  All  these  and 
some  other  remedies  I  have  used  were,  however,  only  auxiliaries 
of  the  galvanic  treatment,  and  could  not  of  themselves  have 
exerted  any  decided  influence  upon  the  progress  of  the  disease. 

The  circumstance  that  most  of  our  patients  are  above  45,  and 
not  a  few  above  60  years  of  age,  in  connection  with  the  obstinate 
character  of  the  malady  itself,  must  prepare  us  for  slow  results, 
more  especially  as  far  as  the  improvement  of  the  deformities  is 
concerned.     Pain,  indeed,  is  often  relieved  at  once,  but  it  is  very 
apt  to  return  :  the  patient  often  becomes  rapidly  stronger,  but 
at  times  the  old  debility  will  again  be  felt,  more  especially  if  he 
undertake  to  do  more,  either  in  business  or  pleasure,  than  he  is 
able  to  do  ;  and  a  sleepless  night  may  again  occur  after  many 
good  nights  in  succession.     It  is  therefore  necessary  to  tell  the 
patient  at  once  that  a  rapid  cure  is  quite  out  of  the  question. 
The  current  should  be  used,  either  daily  or  three  or  four  times  a 
week,  for  at  least  a  month  or  six  weeks  ;  and  if  the  patient  con- 
tinue to  improve,  we  may  go  on  with  it  much  longer  than  that. 
If,  however,  after  that  tjme  he  does  not  seem  to  make  any  further 
decided  progress,  it  is  better  to  discontinue  the  treatment  for  a 
month  or  longer,  and  then  to  recommence  it.     Those  -who  will 
not  shirk  the  sometimes  rather  tedious  labour  involved  in  carry- 
ing out  such  a  treatment  perseveringiy,  will  ultimately  be  amply- 
rewarded  for  their  trouble  by  an  amount  of  success  which,  in 
some  forms  of  the  disease,  could  not  have  been  obtained  by  any 
other  line  of  treatment. 

Sydr arthrosis. — M.  Van  Holzbeck  has  recorded  two  cases  of 
dropsy  of  the  knee-joint,  which  were  cured  by  him  with  electro- 
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puncture.  He  put  two  needles  in  the  sac,  connected  tlieni  witli 
the  poles  of  an  induction  machine,  and  sent  the  current  through 
the  knee  for  a  quarter  of  an  hour.  He  says  that  the  effusion 
was  at  once  diminished,  and  next  morning  the  swelling  had  disap- 
peared. He  now  put  a  bandage  on,  and  repeated  the  operation 
once  more.     The  cure  was  complete  and  permanent. 

In  mild  cases  the  external  application  of  the  constant  current- 
is  sufficient ;  while  in  severe  ones  either  farado-puncture  or  the 
electrolytic  treatment  is  preferable.  The  magneto-faradic  cur- 
rent appears  in  this  disease  to  be  more  effective  than  the  volta- 
faradic. 

M.  Tripier  ^  has  treated  a  case  of  hydrarthrosis  of  the  knee,  of" 
six  weeks'  duration,  in  which  there  was  considerable  eflPusion  in 
the  joint.  A  current  of  forty- four  small  cells  of  the  protosul- 
phate  of  mercury  battery  was  applied  by  large  moistened  elec- 
trodes to  the  sides  of  the  knee,  for  twenty  minutes.  After  two 
such  applications  the  effusion  had  disappeared. 

Dr.  Lange^  has  cured  a  case  of  cedematous  swelling  of  tlie  feet 
with  the  aid  of  the  constant  current : — 

A  printer,  aged  32,  complained,  after  a  long  walk,  of  a  burn- 
ing sensation  in  both  feet.  Being  obliged  to  work  in  a  standing 
position,  severe  pain  came  on,  and  the  joints  became  so  swollen 
as  to  be  twice  their  usual  size.  He  used  Russian  baths,  local 
vapour  baths,  blisters,  colchicum,  iron,  quinine,  and  iodide  of 
potassium,  without  much  benefit.  He  could  only  walk  by  the- 
aid  of  two  sticks.  He  continued  in  this  state  for  three  years. 
The  joints  were  then  tender  and  stiff,  and  double  their  normal 
size.  The  general  health  was  tolerably  good.  A  current  of' 
thirty  cells  was  now  sent  for  twenty  mintites  continuatively 
through  the  left  foot.  The  next  day  the  foot  was  less  painful, 
and  the  patient  could  step  out  more  easily.  Each  foot  was  now 
galvanised  for  fifteen  minutes  at  a  time,  and  intermittent  galva- 
nisation of  the  nerves  and  muscles  of  the  leg  combined  with  it. 
A  rapid  improvement  followed.  The  pain  and  swelling  dimin- 
ished, and  after  ten  days  the  joints  were  freely  movable.  In: 
three  weeks  the  patient  could  walk  as  well  as  before. 

^  Manuel  d'Electrotherapie,  p.  282.     Paris,  1861. 
=2  Deutsche  Klinik,  Mai  9,  1868. 
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XV.— DISEASES  OF  THE  EYE. 

I  have  already  spoken  of  the  electric  treatment  of  paralysis  of 
the  motor  nerves  and  muscles  of  the  eye  (p.  556),  of  amblyopia, 
amaurosis,  and  v?"eakness  of  sight  (p.  584),  and  of  photophobia 
(p.  608).  A  few  words  now  remain  to  be  said  on  the  use  of 
electricity  in  opacities  of  the  cornea,  and  in  cataract. 

1.  Opacities  of  the  cornea. — The  slighter  kinds  of  opacities, 
which  are  termed  nehulcs,  yield  readily  to  the  application  of  the 
continuous  current,  while  thick  opacities  (leucoma)  are  more 
obstinate.  These  are  due  to  more  or  less  severe  inflammatory 
changes  in  the  corneal  and  epithelial  cells.  Opacities  which  are 
due  to  cicatricial  hardening  are  incurable.  A  host  of  local  reme- 
dies have  been  recommended  for  the  cure  of  opacities,  and  amongst 
them  electricity.  In  1844  Signer  Isiglio,  of  Corfu,  treated  some 
cases  successfully  with  it.  Signer  Quadri  of  Naples,  M.  Wille- 
brand  of  Helsingfors,  and  Dr.  Tllrck  of  Strasbourg,  followed  in 
his  steps  ;  and  Professor  A.  Yon  Graefe  states,  that  in  a  case 
where  both  corneee  were  opaque,  he  employed  electricity  on  one 
eye,  and  nitrate  of  silver  or  laudanum  on  the  other,  and  that 
electricity  was  more  rapidly  successful  than  the  chemical  irri- 
tants. Mr.  Soelberg  Wells  ^  says  that  electricity  was  formerly 
in  vogue  for  the  cure  of  these  affections,  but  has  now  fallen  into 
disuse.  No  doubt  there  are  many  other  means  by  which  these 
opacities  may  be  removed  ;  but  I  am  inclined  to  think  that  elec- 
tricity is  in  some  cases  more  useful  than  chemical  or  mechanical 
irritation.  The  treatment  of  opacities  by  faradisation  is  no  doubt 
tedious,  but  the  constant  current  is  more  rapidly  successful ;  and 
it  is  well  known  that  oculists  have  not  yet  given  a  fair  trial  to 
the  constant  current  in  this  afiection.  It  may  be  applied  either 
to  the  closed  eyelid,  by  means  of  a  moistened  sponge,  or  by  a 
blunt  gilt  or  silver  conductor  directly  to  the  cornea.  In  the 
latter  instance  a  very  gentle  current  should  be  used,  and  the 
application  must  be  short.  "Where  the  current  is  applied  exter- 
nally, the  operation  may  be  longer  and  stronger. 

Case  60. — H.  T.,  aged  19,  received  in  May  1862  a  violent 
blow  on  the  left  temple  from  a  cricket-ball.  He  was  at  first  quite 
stunned,  and  felt  great  pain  in  the  head  for  several  days  after- 
wards.    The  conjunctiva  and  cornea  of  the  left  eye  then  became 

1  Loc.  cit.  p.  126. 
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inflamed,  for  wliicli  tlie  patieut  Avas  put  on  a  course  of  mercury  ; 
but  although  his  system  was  much  affected  by  that  drug,  the  eye 
did  not  get  better.  Mercury  was  therefore  given  up  after  a  time, 
and  other  treatment  resorted  to.  The  inflammation  gradually 
subsided,  but  a  considerable  opacity  remained,  which  covered 
the  whole  extent^  of  the  cornea,  and  was  thickest  in  the  lower 
portion  of  that  membrane.  Vision  was  almost  entirely  prevented 
by  it.  Mr.  White  Cooper,  whom  the  patient  consulted  in  July 
1862,  thought  that  electricity  would  be  the  best  means  of  pro- 
moting the  absorption  of  the  opacity,  and  sent  him  to  me.  I 
combined  faradisation  with  galvanisation,  the  cathode  being 
directed  to  the  closed  eye,  and  the  anode  to  the  temple,  so  as  to 
stimulate  the  influence  of  the  first  branch  of  the  trigeminal 
nerve  upon  the  nutritive  processes  in  the  eye.  The  patient 
quickly  improved  under  this  treatment ;  and  when  it  was  dis- 
continued after  twenty- four  applications,  there  remained  nothing 
but  a  very  thin  film  on  the  cornea,  which  was  only  perceptible 
■on  close  examination,  and  impeded  vision  scarcely  at  all.  A  cure 
would  probably  have  resulted,  if  the  patient,  who  did  not  live  in 
X/ondon,  had  been  able  to  pursue  the  treatment  a  little  longer. 

2.  Cataract. — Crussel  and  Lerche^  have  endeavoured  to 
dissolve  cataract  by  the  aid  of  electricity.  They  found  that  if 
the  zinc  pole  of  a  voltaic  pile  was  applied  to  a  lens,  this  was 
rendered  opaque  ;  and  that  the  opacity  disappeared  on  directing 
the  copper  pole  to  it.  Hence  they  concluded  that  it  might  be 
possible  to  dissolve  cataract  by  the  application  of  the  negative 
pole  of  the  pile  to  the  eye.  Matteucci^  states  that  cataract 
•cannot  be  dissolved  by  electricity  ;  but  we  have  the  authority  of 
Dr.  A.  Von  Grraefe^  for  the  contrary.  A  few  cases  of  cataract 
have  been  treated  by  Crussel  with  galvano-puncture,  but  the 
operation  was  followed  by  inflammation  of  the  chorioidea,  iris, 
and  retina,  resulting  in  ultimate  destruction  of  the  eyeball,  and  is 
therefore  unjustifiable. 

XVI.— DISEASES  OF  THE  DIGESTIVE  OEGANS. 

I  have  already  spoken  of  the  galvanic  treatment  of  loss  of 
taste  (p.  589),  and   difiiculty  of  swallowing  (p.  568)  ;  and  now 

'  Medizinische  Zeitung  des  Vereins,  etc.     1841. 
"^  Cours  d'Electrophysiologie.     Paris,  1858. 
3  Deutsche  Klinik,  1852,  p.  445. 
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proceed  to  mention  some  other  affections  of  the  digestive  tract 
in  which  electricity  may  be  of  service. 

Dyspepsia. — In  some  forms  of  dyspepsia  galvanisation  of  the 
sympathetic  nerve,  the  stomach  and  intestines,  is  useful,  and  this 
is  more  especially  the  case  with  '  nervons  indigestion.'  A 
special  form  of  dyspepsia,  which  is  connected  with  increased 
elimination  of  urea,  has  already  been  considered. 

In  cases  of  over-eating,  or  where  poisons  have  been  taJcen  into 
tlie  stomach,  we  may,  by  faradisation,  cause  the  evacuation  of  the 
ingested  matters  either  by  the  stomach  or  the  bowel. 

Dr.  Charles  Fox,^  of  Birmingham,  has  used  what  he  calls 
galvano-emesis  in  a  case  of  two  children  who  had  eaten  poisonous 
fungi.  They  were  in  a  state  of  collapse,  almost  pulseless,  unable 
to  swallow,  with  the  jaws  set,  and  frothing  at  the  mouth.  l!^one 
of  them  had  vomited.  One  of  them  was  apparently  dying  ;  and 
he  was  preparing  to  assist  failing  respiration  by  faradism,  when 
the  thought  struck  him  that,  if  he  could  by  the  same  means 
excite  contraction  of  the  stomach,  vomiting  would  probably 
ensue.  He  therefore  passed  one  of  the  poles  by  a  suitable  con- 
ductor to  the  top  of  the  oesophagus,  and  applied  the  other  by  a 
wet  sponge  to  the  epigastrium.  "Vomiting  was  immediately  pro- 
duced in  both  cases,  and  a  quantity  of  the  fungus  was  rejected. 
The  children  were  insensible  to  the  vapour  of  the  stroug  liquor 
ammoniee ;  it  could  not,  therefore,  have  been  the  mechanical 
irritation  which  caused  the  vomiting.     Both  children  recovered. 

M.  Bonnet  caused,  in  a  somewhat  similar  case,  the  evacuation 
of  matters  by  the  rectum. 

He  was  called  to  see  a  girl  who  had  eaten  an  enormous  quantity 
of  figs,  and  became  convulsed  and  unconscious  the  night  after. 
Her  pupils  were  dilated,  the  pulse  small  and  rapid,  the  jaws 
firmly  clenched,  and  the  abdomen  hard  and  full.  Cold  fomen- 
tations to  the  head  and  three  purgative  enemas  had  produced  no 
effect.  M.  Bonnet  then  introduced  the  positive  electrode  of  an 
induction  apparatus  into  the  rectum,  and  placed  the  negative  on 
the  abdomen.  The  muscles  of  the  abdominal  parietes  imme- 
diately began  to  contract  ;  after  two  or  three  minutes  the 
positive  electrode  was  hurled  out  of  the  rectum,  together  with  an 
enormous  quantity  of  undigested  figs  and  fcecal  matter.  The 
girl  at  once  recovered  her  consciousness,  and  was  quite  well  on 
the  following  day. 

'  Britisli  Medical  Journal,  vol.  ii.  1872,  p.  493. 


CHAP.  V.  DYSPEPSIA  637 

Ohstinate  vomiting,  from  whatever  cause,  is  often  promptly 
relieved  by  faradisation. 

M,  Popper  ^  has  thus  treated  a  girl  who  had  for  a  long  time 
suffered  from  vomiting  immediately  after  her  meals,  and  was 
likewise  troubled  with  meteorism.  The  abdomen  was  very 
sensitive  to  pressure,  and  the  bowels  habitually  costive.  After  a 
great  many  remedies  had  been  used  without  avail,  faradisation 
was  used,  both  electrodes  being  placed  on  the  stomach  for  five 
m.inutes.  The  girl  was  then  allowed  to  eat,  and  retained  her 
food.     Twelve  more  applications  efiected  a  cure. 

Drs.  Beard  and  Rockwell  have  described  a  case  of  nausea  and 
vomiting,  which  recovered  under  galvanisation  of  the  sympathetic, 
after  failure  of  general  faradisation.  The  patient,  aged  40,  was 
of  slight  build,  and  of  a  thoroughly  nervous  organisation.  There 
was  no  evidence  of  organic  disease  either  in  the  history  of  the 
case  or  in  the  special  character  of  the  symptoms.  The  attacks 
of  nausea  and  vomiting  came  on  usually  in  business  hours,  and 
could  not  unfrequently  be  referred  to  mental  anxiety.  A  strong 
evidence  that  the  disease  was  mainly  functional  in  its  character 
was  that  on  Sabbath-days,  when  the  patient  did  not  go  to  his 
ofi&ce,  and  was  free  from  business  cares,  he-  was  free  from  the 
attacks. 

Ordinary  treatment,  both  by  medication  and  by  electricity, 
carefully  and  perseveringly  employed  by  the  usual  methods,  had 
failed  to  give  substantial  relief.  As  a  last  resort,  it  was  resolved 
to  use  the  proceeding  known  as  galvanisation  of  the  cervical 
sympathetic.  The  result  was  immediate  and  favourable  ;  from, 
the  first  application  the  patient  began  to  improve,  and  in  three 
weeks  he  regarded  himself  as  cured. 

Although  sea-sickness  is  probably  a  disorder  of  the  nervous 
system,  it  may  find  a  place  here,  on  account  of  its  principal 
symptoms  being  sickness  and  vomiting.  Dr.  Dwindle  ^  has  given 
an  account  of  M.  Le  Coniat's  mode  of  treating  sea-sickness  by 
faradisation  of  the  stomach.  He  first  applies  a  solution  of 
sulphate  of  atropia  (a  grain  to  the  ounce)  over  the  skin  of  the 
stomach ;  but  it  is  not  said  how  this  solution  is  applied,  nor  how 
much  of  it  is  used.  After  this  he  puts  the  negative  electrode  of 
an  induction  apparatus  terminating  in  a  flat  disc,  over  the  skin 
corresponding  to  the  pyloric  end  of  the  stomach ;  and  he  then 

'  Oesterr.  Zeitsclirift  fiir  practische  Heilkunde,  1865,  p.  365, 
"^  New  York  Medical  Journal,  1869,  p.  -390, 
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passes  the  positive  electrode  terminating  in  a  moist  sponge,  across 
the  skin  from  the  cardiac  to  the  pyloric  orifice,  when  the  ranscles. 
are  seen  to  contract  vigorously.  The  effects  are  soothing  and 
refreshing,  and  generally  accompanied  with  drowsiness,  followed 
by  refreshing  sleep.  M.  Le  Coniat  claims  to  cure  by  this  pro- 
ceeding, at  least  ninety  per  cent,  of  the  patients  suffering  from 
sea-sickness  ;  and  believes  himself  able  to  control  the  vomiting 
and  sickness  of  pregnancy  by  the  same.  Dr.  Dwindle  mentions 
the  case  of  a  lady  who  crossed  over  from  Brest  to  ISTew  York, 
and  who  suffered  from  the  worst  form  of  sickness  ;  the  vomiting 
and  retching  having,  on  the  second  day,  been  followed  by  con- 
vulsions and  extreme  prostration.  By  one  application  of  atropia 
and  electricity  the  sickness  was  arrested  ;  the  lady  began  to  eat 
with  a  relish,  and  kept  perfectly  v/ell  until  her  arrival  at  New 
York.  Most  of  the  passengers  by  the  same  steamer  suffered  from 
sea-sickness,  and  were  freed  from  it  by  one  or  two  applications. 
The  atropia  is  probably  quite  ineffective,  as  no  mention  is  made 
of  subcutaneous  injection,  and  the  unbroken  skin  would  not 
absorb  the  solution.  Faradisation  acts  in  this  instance  as  a 
nervous  alterative. 

In  cases  of  constipation  caused  by  insufficient  peristaltic  motion 
of  the  contractile  fibre-cells  of  the  intestines,  and  by  loss  of  power 
in  the  abdominal  muscles,  electricity  may  be  useful,  especially  if 
the  affection  occurs  after  protracted  diarrhoea,  the  abuse  of 
aperient  medicines,  and  in  cerebral  and  spinal  disease. 

There  are  so  many  means  for  the  relief  of  constipation,  that 
electricity  will  probably,  as  a  rule,  be  required  in  very  obstinate 
cases  only,  or  where  the  patient  himself  has  a  particular  wish 
for  such  a  treatment.  This  latter  is  particularly  the  case  where 
patients  have  for  years  been  dosed  with  purgatives,  and  become 
hypochondriacal  in  consequence. 

A  good  proceeding  is  to  put  one  faradic  conductor  to  the 
lumbar  spine,  and  press  the  other  one  firmly  against  different 
points  of  the  abdominal  parietes,  so  as  to  cause  powerful  con- 
tractions of  the  abdominal  muscles,  and  of  the  muscular  coat  of 
the  bowel.  I  prefer  using  the  abdominal  conductor  in  the 
anatomical  direction  of  the  bowel,  so  as  to  commence  at  the 
sigmoid  flexure,  at  the  lower  part  of  the  abdomen,  then  to  pro- 
ceed gradually  upwards  to  the  right  hypochondrium,  follow  up 
the  colon  transversum,  and  at  last  act  on  the  colon  descendens. 
Direct  faradisation  of  the  rectum  is  very  effective,  but  more 
disagreeable. 


CHAP.  V.  CONSTIPATION  639* 

Case  61. — A  single  lady,  aged  43,  tall,  of  sallow  complexion 
and  sedentary  habits,  consulted  me  in  February  1866,  for  a 
'  nervous  affection,'  from  wbicb  she  had  suffered  for  many 
months  past.  She  complained  of  a  constant  dull  headache,  of 
giddiness  on  rising  in  the  morning,  a  wearying  feeling  of 
mental  depression,  and  frequent  flushings  of  the  face  and  ears. 
Her  hands  and  feeb  were  habitually  cold.  Her  sleep  was  dis- 
turbed and  too  short,  for  she  slept  on  the  average  only  two  or 
three  hours  a  night.  Her  intellect  and  memory  were  as  good  as 
ever,  but  she  found  it  difficult  to  fix  her  attention  on  any  subject, 
and  felt  a  distressing  sensation  of  pressure  on  the  head  after 
reading  or  writing.  The  latter  circumstance  annoyed  her  a 
good  deal,  as  she  had  been  a  zealous  supporter  of  various  philan- 
thropic undertakings  which  required  a  considerable  amount  of 
correspondence.  She  was  sometimes  troubled  with  palpitations 
of  the  heart :  the  heart's  sounds  were  weak  ;  the  pulse  small  and 
feeble.  The  breath  was  generally  short ;  the  chest  otherwise 
healthy.  The  tongue  was  dry,  and  covered  with  a  yellowish 
white  coat.  The  appetite  was  feeble,  and  digestion  tedious  and 
painful.  For  many  years  past  the  patient  had  suffered  from 
obstinate  constipation,  for  which  she  habitually  took  purgatives. 
If  she  attempted  to  do  without  them,  she  felt  great  pelvic 
distress,  especially  in  walking  and  standing,  and  considerable 
increase  of  all  the  head  symptoms.  She  had  taken  cremor 
tartari,  aloes,  nux  vomica,  colocynth,  scammony,  and  podophyllin. 
The  evacuations  were  hard  and  ill-formed.  The  urine  was 
generally  scanty  and  turbid,  and  she  had  often  a  scalding  sensa- 
tion in  passing  it.  She  had  a  small  fibroid  tumour  of  the  uterus, 
for  which  she  had  consulted  several  obstetric  physicians,  who 
had  advised  that  it  should  be  let  alone.  At  the  time  of  the 
catamenia  her  sufferings  increased  very  much.  Purgatives 
then  seemed  to  augment  the  menstrual  flow  to  an  alarming 
extent ;  it  often,  in  fact,  amounted  to  true  menorrhagia,  which 
lasted  for  ten  or  twelve  days.  She  therefore  took  smaller  doses 
of  aperients  during  that  time  ;  with  the  effect  that  the  loss  of 
blood  was  not  so  copious,  while,  on  the  other  hand,  the  pain  and 
discomfort  about  her  head  were  so  dreadful  that  she  often 
thought  she  would  lose  her  senses.  Her  habitual  dose  was 
now  two  teaspoonfuls  of  cream  of  tartar  twice  a  day,  and  ten 
grains  of  compound  colocynth  pill  at  bed-time. 

A  s  she  had  lived  too  exclusively  on  meat  diet,  I  ordered  her  to 
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take  boiled  fruit  and  saccliarine  vegetables  ;  to  discontinue  the 
■cream  of  tartar  entirely ;  to  take  five  grains  of  compound  colc- 
cynth  pill  at  bed-time,  and  a  tumblerful  of  Marienbad  water 
twice  during  tbe  day  ;  and  finally  to  take  as  much  exercise  in  the 
open  air  as  possible  without  fatigue. 

February  25. — Has  found  great  relief  from  the  change  i-'n  her 
diet,  and  from  the  Marienbad  water.  Last  period  was  more 
comfortable  than  it  had  been  for  many  months  past.  Has  not 
been  able  to  take  much  exercise,  because  it  brought  on  palpit?  ■ 
tions  of  the  heart.  Ordered  to  go  on  as  before,  but  to  take  the 
colocynth  pill  only  every  other  night. 

March  18. — Has  been  worse  for  the  last  week  or  ten  days. 
The  Marienbad  water  seems  to  have '  lost  its  effect.  Has  been 
obliged  to  take  ten  grains  of  colocynth  pill  daily  for  the  last  few 
nights.  Head  most  uncomfortable  ;  extreme  depression  of  spirits. 
I  now  substituted  Friedrichshall  for  Marienbad  water,  and 
■allowed  her  to  take  five  grains  of  colocynth  pill  every  night. 

April  20. — The  last  period  was  just  as  bad  as  ever.  The 
Friedrichshall  water  only  relieves  constipation  when  taken  in 
lai^ge  doses,  which  she  believes  to  be  lowering,  and  is  inefiectual 
as  soon  as  the  dose  is  reduced.  I  now  proposed  to  the  patient 
the  application  of  faradism  for  inducing  a  healthier  action  of  the 
bowels ;  and  as  she  consented  at  once,  I  sent  a  current  of 
moderate  power  for  fifteen  minutes  through  the  intestines.  The 
patient  did  not  complain  of  any  pain  or  discomfort  from  the 
application,  but  said  she  felt  more  exhilarated  and  hopeful  than 
she  had  done  for  a  long  time. 

24th. — She  came  to  me  in  high  spirits,  saying  that  since  fara- 
disation was  used  she  had  every  day  had  a  better  motion  than 
for  many  months  past.  I  ordered  her  now  to  discontinue  the 
colocynth  pill  entirely,  and  merely  to  take  a  wineglassful  of 
Friedrichshall  water  twice  a  day. 

From  that  time  forward  the  patient  made  an  uninterrupted 
recovery.  Faradisation  was  continued  twice  a  week  for  a  month 
after  which  the  bowels  acted  well  without  assistance.  The  head 
symptoms  disappeared  gradually  in  proportion  as  the  action  of 
the  bowels  was  restored  ;  and  when  I  last  saw  the  patient  (July 
1867)  she  was  perfectly  well,  excepting  the  somewhat  too  copious 
menstruation,  which  was  now  the  only  trouble  she  experienced 
from  the  fibroid  tumour  of  the  uterus. 

Tympanitic   distension  of  the  abdomen   is  owing  to   intestinal 
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atony,  and  loss  of  power  in  tlie  abdominal  muscles  ;  tL.e  bowel, 
therefore,  meets  with  no  resistance,  and  becomes  considerably- 
distended.  This  condition  is  frequently  observed  in  hysterical 
women  ;  after  partaking  of  indigestible  food  ;  ia  acute  diseases, 
especially  typhus,  pneumonia,  small-pox,  puerperal  fever,  perito- 
nitis, &c.  A  high  degree  of  tympanites  threatens  life,  as  it  may 
give  rise  to  asphyxia,  by  paralysis  of  the  diaphragm,  and  com- 
pression of  the  lungs.  A  purely  medicinal  treatment  often  fails 
to  relieve  it,  and  faradisation  or  galvanisation  should  be  employed 
if  the  affection  do  not  yield  readily  to  other  remedies. 

Various  methods  of  applying  electricity  have  been  resorted  to. 
M.  Becquerel  has  placed  the  positive  electrode  of  the  faradic 
instrument  in  the  mouth,  and  the  negative  in  the  rectum ;  and 
has  never  seen  any  benefit  from  it.  The  method  is  therefore  not 
to  be  employed,  as  it  is  both  painful  and  useless.  Either  of  the 
methods  just  mentioned  as  useful  for  constipation  may  be  resorted 
to.  The  best  way  is  faradisation  or  galvanisation  of  the  rectum 
(pp.  343  and  427). 

Case  62. — Extreme  Meteorism  after  Ovariotomy. 

A  married  woman,  aged  37,  mother  of  one  healthy  child, 
twenty-two  laonths  old,  came  from  Aberdeen  to  London,  in  April 
1863,  in  order  to  consult  Mr.  Spencer  Wells  for  a  large  ovarian 
tumour,  which  had  begun  to  form  in  July  1862,  and  had  rapidly 
increased  after  August  of  the  same  year.  The  patient  had  a  dark 
and  rather  sallow  complexion,  and  had  become  much  emaciated 
during  the  last  two  months.  The  tongue  was  clean,  the  appetite 
pretty  good,  the  bowels  were  naturally  open,  but  she  complained 
of  troublesome  flatulence.  The  breathing  was  only  slightly 
affected ;  there  was  no  cough  and  no  expectoration.  The  cata- 
menia  had  ceased  in  September,  1862.  The  pulse  was  at  120. 
The  girth  at  the  umbilical  level  was  forty-nine  inches.  She  had 
been  tapped  seven  times,  but  had  always  refilled  rapidly.  Mr. 
"Wells  performed  ovariotomy  upon  her  on  April  29.  There  were 
strong  and  extensive  parietal  adhesions,  both  anteriorly  and 
laterally  ;  thirty-three  pints  of  fluid  were  removed,  and  the  cyst 
and  solid  matter  taken  away  weighed  thirteen  pounds  thirteen 
ounces.  Without  going  further  into  the  details  of  the  case,  I 
will  only  say  that  the  patient  went  on  fairly,  excepting  an 
immense  distension  of  the  stomach  and  bowels  by  gas,  which  was 
so  great  as  to  threaten  life.     After  the  most  efficacious  medicines' 
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liad  teen  taken  without  improvement,  Mr.  Wells  believed  tliat 
faradisation  was  necessary,  and  requested  me  to  see  tte  patient. 
I  saw  her  on  May  18,  when  the  flatulent  distension  was  so  great 
that  the  left  lung  was  almost  entirely  compressed,  the  heart  being 
dislodged  to  the  right  side,  and  there  being  tympanitic  sound  in 
the  second  intercostal  space.  I  performed  faradisation,  after 
which  the  patient  had  a  considerable  discharge  of  flatus.  On 
May  19,  I  repeated  the  operation,  and  the  patient  then  had  two 
motions,  one  of  them  solid.  I  operated  upon  her  four  times 
more,  after  which  the  lung  had  again  expanded  to  its  normal 
volume,  and  the  patient  being  nearly  well,  the  treatment  was  dis- 
continued. On  May  26  she  went  on  board  the  steamer  which 
was  to  sail  the  day  following  for  Dundee,  The  patient  died  at 
home  in  the  commencement  of  August  from  malignant  disease, 
which  had  very  rapidly  formed  ;  bnt  both  Mr.  Spencer  Wells 
and  Sir  William  Jenner,  who  had  also  seen  her,  were  of  opinion 
that  if  she  had  not  been  faradised,  she  would  have  died  in  London 
from  the  efiects  of  the  meteorism. 

Habitual  Flatulency. 

Case  63. — A  gentleman,  aged  46,  had  dysentery  fifteen  years 
ago,  and  had  ever  since  suffered  from  flatulency,  which  was 
extremely  troublesome.  He  was  otherwise  in  good  health,  but 
the  flatulency  never  left  him  even  for  a  single  day,  and  was  so 
bad  after  meals,  that  he  was  obliged  to  lie  down  for  an  hour  or 
two  afterwards.  The  examination  of  the  abdomen  showed  no 
tumour  or  obstruction,  but  merely  a  considerable  accumulation 
of  gas  in  the  large  intestines.  He  had  used  a  great  many  remedies 
without  success,  especially  charcoal  and  belladonna.  I  galvanised 
the  bowel  with  a  current  of  twenty-five  cells,  the  anode  being  in 
the  rectum,  and  the  cathode  being  passed  over  the  abdominal 
parietes.  The  patient  felt  very  comfortable  for  some  hours  after 
the  first  application,  and  the  flatulency  only  returned  in  the  after- 
noon. After  fonr  more  operations  he  passed  a  whole  day  without 
feeling  troubled  with  flatulence,  and  after  three  weeks  he  was 
quite  free  from  it. 

Faradisation  may,  like  the  ether-spray,  be  useful  in  cases  of 

Incarcerated  Hernia. 

M.  Delaux,  of  Toulouse,  has  described  the  case  of  a  woman 
gufiering  from  femoral  hernia,  and  which   became  incarcerated 


CHAP.  V.  ILEUS  643 

after  a  violent  exertion.  She  refused  to  consent  to  an  operation. 
After  three  days,  when  she  was  rapidly  getting  worse,  he  first 
faradised  the  hernia  itself,  and  afterwards  pnt  one  electrode  into 
the  rectnm,  and  the  other  npon  the  hernia.  The  tumoiir  now 
"began  to  move,  and  disappeared  in  a  short  time.  Within  a  few 
days  the  patient  was  perfectly  well. 

Dr,  Mac  Cormac,  of  Belfast,  has  sent  me  the  particulars  of  the 
following  cases  of  ileus  which  have  been  under  his  care,  and 
which  I  give  in  that  gentleman's  own  words  : — 

'  The  first  case  was  that  of  a  brewer.  He  had  been  three  days 
ill  of  ileus,  and  was  sinking  rapidly.  The  pain  was  great,  there 
was  feculent  vomiting  ;  and  I  had  tried  vainly,  in  large  successive 
doses,  calomel,  compound  extract  of  colocynth,  castor-oil,  opium, 
turpentine,  and  linseed-oil  injections.  The  pulse  was  wretched, 
the  expression  of  the  countenance  miserable,  and  the  sufferer  had 
been  three  days  without  any  sustenance.  It  then  occurred  to 
me  to  resort  to  galvanism,  which  I  did  with  the  least  possible 
delay.  I  stripped  the  patient,  and  applied  the  moistened  negative 
pole  to  the  spine,  while  I  promenaded  the  other  pole  here  and 
there  over  the  abdominal  surface,  but  preferably  in  the  lines  of 
the  great  intestines.  The  patient,  who  was  standing  all  the  time, 
winced  a  good  deal.  But  after  the  lapse  of  from  about  two  to 
three  minutes,  a  sound  of  flatus  in  motion  could  be  heard  in  the 
course  of  the  tract  of  the  great  arch  of  the  colon.  The  patient 
called  out  for  the  close  stool,  when  he  had  an  enormous  evacua- 
tion of  feculent  matters  with  prompt  and  permanent  reKef.  He 
had  been  previously  under  my  care  for  an  attack  of  hepatitis,  and 
was  of  very  indifferent  stamina.  I  have  not  the  slightest  doubt 
that  galvanism  in  this  instance  brought  about  the  resolution  of 
the  disease  ;  and,  by  stimulating  into  normal  activity  the  peristaltic 
action  of  the  bowels,  saved  the  patient's  life. 

*  The  second  case  was  that  of  a  very  much  younger  man,  but 
was  otherwise,  although  not  of  so  long  standing,  equally  severe 
as  the  preceding  case.  The  usual  means  were  resorted  to,  both 
by  Dr.  Archibald  Dunlop,  under  whose  charge  the  patient  was 
before  I  was  called  in,  and  by  myself,  but  in  vain.  There  was 
this  additional'  feature  of  severity,  too,  that  large  quantities  of 
blood  were  passed  by  stool,  which,  coupled  with  the  ileus,  was 
rapidly  exhausting  the  patient's  strength.  In  this  conjuncture  of 
afiairs,  I  proposed  galvanism,  to  which  my  colleague  at  once 
assented.     It  was  very  effectively  resorted  to,  and  in  the  course 
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of  fclie  afternoon,  not  so  speedily  as  in  the  first  instance,  tliough 
not  less  effectively,  the  patient  evacuated  a  large  amount  of 
faeces  with  speedy  relief  and  a  lasting  recovery.' 

Dr.  Macario,  of  Genoa,  relates  a  case  of  a  man,  aged  71,  who 
suffered  from  obstinate  constipation  and  at  last  became  affected 
with  stercoraceous  vomiting.  The  doctor  then  introduced  a 
metallic  conductor  into  the  rectum  and  passed  the  other  electrode 
of  a  faradic  instrument  connected  with  a  moistened  sponge  over 
the  abdomen  in  the  region  of  the  transverse  colon.  Under  the 
influence  of  faradisation  the  abdominal  parietes  contracted 
violently.  The  action  was  kept  up  for  ten  minntes  ;  four  hours 
afterwards  a  copious  evacuation  took  place,  which  was  followed 
by  several  others  in  the  course  of  the  night.  On  the  next  day 
the  patient  was  quite  well. 

Dr.  Clemens,^  of  Frankfort,  has  recommended  that  in  these 
cases  one  or  two  tablespoonsful  of  metallic  mercury  should  be 
given,  and  a  continuous  current  then  sent  through  the  abdomen  ; 
the  negative  electrode  by  means  of  a  large  conductor  to  be 
apphed  to  that  part  of  the  abdomen  where  the  seat  of  the  ob- 
struction is  supposed  to  be,  while  the  positive  is  in  the  rectum. 
Voltaic  alternatives  should  be  used,  and  the  current  closed  and 
opened  three  or  four  times  in  one  minute.  The  mercury  accu- 
mulates at  the  seat  of  the  volvulus,  where  therefore  the  effect  of 
the  galvanis  discharge  is  more  thoroughly  experienced  than  in 
other  parts  of  the  intestinal  canal.  Dr.  Clemens  says  that  he 
has  cured  a  case  of  invagination  by  this  means  ;  but  Dr.  Mac 
Cormac's  cases  show  that  electricity  alone,  without  the  mercury, 
is  able  to  overcome  this  affection.  Where  this  is  owing  to  oi-- 
ganic  structure,  of  course  no  benefit  can  be  expected. 

Prof.  Gerhardt,  of  Wurzburg,^  has  recommended  to  treat  catar- 
rhal jaundice  by  faradisation  of  the  gall-bladder,  considering  it  as 
rapidly  effectual  in  that  disease  as  reduction  is  in  the  treatment  of 
hernia.  The  lower  border  of  the  liver  is  made  out  by  percussion, 
and  it  is  then  not  diflicult  to  determine  the  position  of  the  gall- 
bladder. Sometimes  that  organ  may  be  seen  or  felt  as  a  small 
swelling,  which  moves  synchronously  downward  with  respiration. 
In  any  case,  however,  a  semicircular  extension  of  dulness  is 
found,  or  a  more  intensely  dull  place  at  the  border  of  the  liver, 
sicuated  between  those  limits  which  correspond  to  the  lateral 
variations  in  the  situation  of  the  gall-bladder.     After  this  point 
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has  been  marked,  tlie  electrode  of  a  somewhat  powerful  faradic 
current  is  placed  on  it,  and  its  point  pressed  moderately  firmly 
in  a  direction  towards  the  posterior  abdominal  wall.  The  second 
electrode  is  then  rapidly  applied  to  the  horizontally  opposite  side 
of  the  posterior  abdominal  wall.  If  the  current  be  powerful,  an 
audible  commotion  of  the  abdominal  organs  is  caused  by  the 
contraction  of  the  abdominal  muscles.  After  a  few  seconds  the 
electrodes  are  removed,  and  then  put  on  again  a  few  times  more 
in  the  same  manner  as  above.  In  many  cases  the  disappearance 
of  the  dullness  of  the  gall-bladder  gives  at  once  a  hint  as  to  the 
result  which  has  been  obtained.  Success  is  certain  if  within  the 
next  two  days  a  bilious  stool  is  passed.  Generally  the  vasomotor 
nerves  of  the  kidneys  are  excited  at  the  same  time,  the  conse- 
quence of  which  is  that  the  urine  which  is  passed  on  the  next 
day  is  paler  and  more  diluted  than  it  was  before.  As  in  a  few 
of  Gerhardt's  cases,  the  dullness  of  the  gall-bladder  re-appeared 
after  a  biliary  motion  had  occurred,  and  it  was  found  necessary 
to  repeat  faradisation  once  or  twice. 

One  of  Gerhardt's  patients  was  a  brewer,  aged  28,  who  was 
seized  on  January  23,  1873,  with  the  symptoms  of  severe  acute 
gastric  catarrh,  and  was  admitted  into  the  hospital  on  February  5. 
The  conjunctiva  was  white,  but  the  skin  more  darkly  coloured. 
On  the  following  day  the  skin  and  conjunctiva  were  perceptibly 
icteric,  the  urine  contained  biliary  pigment,  and  the  feeces  were 
colourless.  The  lower  border  of  the  liver  was  found  in  the  papil- 
lary line,  half  an  inch  wide  below  the  ribs,  in  the  mesial  hne 
just  between  the  umbilicus  and  the  ensiform  cartilage,  and 
showed  in  the  middle  between  these  two  points  the  dulness  of 
the  gall-bladder  projecting  inferiorly.  On  the  7th  the  jaun- 
dice was  considerably  increased,  the  appetite  gone,  and  there 
was  frequent  retching.  On  that  day  the  case  was  lectured 
upon,  clinically  demonstrated,  and  faradisation  performed.  The 
urine,  which  had  been  of  1"029  specific  gravity  before,  was  only 
1"023  and  much  paler  in  the  after  part  of  the  day.  The  appetite 
was  better  on  the  next  day,  the  faeces  feebly  coloured  with  biliary 
pigment,  but  there  was  increased  itching  of  the  skin.  The 
density  of  the  urine  remained  at  1*023.  As  the  dulness  of 
the  gall-bladder  was  found  to  increase  again,  faradisation  was 
repeated.  On  the  9th  the  motions  were  strongly  biliary,  the 
appetite  better,  the  retching  had  ceased.  On  the  11th  the 
jaundice  was  perceptibly  less.    On  the  18th  considerably  less,  and 
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the  patient  was  better  altogetlier.  On  the  22nd  he  wag  dis- 
charged cured.  With  the  exception  of  a  little  Epsom  salts  on 
the  day  of  admission,  and  when  there  was  constipation,  no 
medicines  had  been  given. 

Another  case  was  that  of  a  student,  aged  22,  who  was 
admitted  on  February  17.  He  had  been  ill  of  acute  gastric 
catarrh  for  a  week,  having  dined  shortly  after  having  experienced 
a  considerable  annoyance.  A  few  days  later  the  skin  became 
yellow,  and  on  admission  the  jaundice  was  intense.  On  the  18th 
the  gall-bladder  was  made  out  by  percussion  and  faradised.  The 
density  of  the  urine  fell  on  the  same  day  from  1'029  to  1"023.  On 
the  20th  the  patient  felt  better,  the  icteric  coloration  of  the  skin 
had  perceptibly  diminished;  the  motions  contained  biliary 
pigment.     He  was  discharged  cured  on  the  25th. 


XVn.— DISEASES  OF  THE  ORGANS  OF  CIECULATION. 

Aneurism  has  been  frequently  treated  by  galvano-puncture, 
but  although  some  favourable  results  have  thereby  been  obtained, 
the  number  of  failures  is  much  larger  than  that  of  successes,  so 
that  at  present  the  operation  of  galvano-puncture  is,  by  most 
authorities,  proclaimed  to  be  an  unsafe  and  unreliable  proceeding. 
Sir  William  Fergusson,   in  his  '  Manual  of  Surgery,'  curiously 
enough  ignores  it  altogether.      Mr.  Erichsen  condemns  it  in  un- 
qualified terms.     Professor  Pirrie  remarks  that  '  the  operation  is 
founded  on  the  principle  of  the   galvanic   current   having   the 
power  of  coagulating  the  blood ;  and  that  this  principle  is  not 
sound,  as  stratified  fibre  is  the  substance  by  which  we  desire  to 
soHdify  an  aneurism,  and  not  coagulated  blood  ;  that  the  proceed- 
ing is  also  very  painful,  and  not  unattended  with  danger,  and  the 
results  are  not  encouraging.'     Mr.  Ernest  Hart,  in  his  article  on 
aneurism  in  Holmes's  '  System  of  Surgery,'  says  (vol.  iii.  p.  432), 
that  '  galvano-puncture  is  inherently  uncertain,   liable  to   cause 
relapse  by  the  melting  of  the  coagulum,  or  inflammation  by  its 
too  sudden  deposition,  and  that  it  appears  at  present  to  deserve 
to  rank  only  as  an  exceptional  expedient,  when  the  sui'geon  is 
called  upon  to  treat  either  aneurisms  at  the  root  of  the  neck,  or 
internal  aneurism  which  cannot  be  reached  by  digital  or  mechani- 
cal compression,  and  some  forms  of  varicose  and  cirsoid  aneurism, 
seated  superficially.' 

M.  Broca,  and  many  other  eminent  foreign  surgeons,  coincide 


ciiAP.  V.  ANEURISM  647 

in  this  view,  and  it  may  "be  said,  therefore,  that  the  proceeding 
has  not  estabhshed  a  footing  in  surgery  ;  nor  ought  we  to  be  sur- 
prised at  this  fact,  since  only  the  worst  cases  of  aneurism,  and  which 
cannot  be  treated  in  any  other  manner,  are  by  surgeons  reserved 
for  galvano-puncture ;  viz.  those  of  intra-thoratic  aneurism. 

Mr.  Hohnes,^  in  his  able  Lectures  on  the  Surgical  Treatment  of 
Aneurism,  delivered  at  the  Royal  College  of  Surgeons,  says  that 
'  Our  present  experience  of  galvanism  in  intra-thoracic  aneurism 
shows  us  that  the  method  may  often  be  used  so  as  to  avert  death 
when  imminent  from  the  rupture  of  the  sac,  and  that  with  that 
view  alone  it  is  a  method  which  well  deserves  further  trial. 
Signer  Ciniselli,  of  Bologna,  who  has  more  experience  in  this 
matter  than  any  other  surgeon,  is  of  opinion  that  we  must  not 
exaggerate  the  value  of  this  method.  The  circumstances  which 
are  favourable  to  a  perfect  success  occur  very  rarely  in  practice. 
In  the  majority  of  cases  which  present  themselves,  the  disease  is 
in  too  advanced  a  condition,  and  should  be  left  alone,  because 
the  operation  will  be  useless,  and  perhaps  mischievous.  In  cases 
where  the  most  favourable  conditions  exist  may  it  be  possible 
to  obtain  consolidation  and  cure  of  an  idiopathic  aneurism ;  but 
since  the  cause  which  produced  the  aneurism — ^viz.,  an  ather- 
omatous condition  of  arteries — still  exists,  it  may  cause  a  re- 
carrence  in  another  part  of  the  vessel.  Admitting  this,  how- 
ever, and  considering  that  we  are  dealing  with  a  malady  for 
which  up  to  the  present  time  no  surer  remedy  has  been  discovered, 
I  submit  that  it  is  a  considerable  step  in  the  treatment  of  internal 
aneurisms  to  have  discovered  a  raethod  which,  employed  accord- 
ing to  the  rules  sanctioned  by  experience,  proves  innocent,  pro- 
cures a  cure  even  if  temporary,  alleviates  the  patient's  sufferings, 
and  prolongs  his  life.' 

I  have,  within  the  last  twelve  months,  been  called  upon  to 
treat,  or  assist  in  treating,  five  cases  of  aneurism ;  and  it  is  a 
matter  of  infinite  regret  to  me  that  the  full  notes  which  I  took  at 
the  time  of  all  these  cases,  and  which  I  had  intended  to  incor- 
porate in  this  volume,  should  have  been  accidentally  destroyed. 
I  can  therefore  only  give  a  very  short  outline  of  the  salient  points 
of  each  case. 

The  first  case  in  which  I  used  it,  was  an  aneurism  of  the  in- 
nominate artery  oj^ening  into  the  aorta,  in  a  patient  aged  50,  who 
was  under  the  care  of  Mr.  Holmes,  in  St.  George's  Hospital.    The 

1  The  Lancet,  July  20,  1872. 
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tumour  was  chiefly  situated  behind  the  first  bone  of  the  sternum, 
which   was  much   absorbed,    and  it   also   extended   above   the 
sterno-clavicular  articulation  for  a  short  distance.     Treatment 
by  rest   and  moderate   diet  without   stimulants,  was   followed 
from  April  to  H'ovember,  but  had  no  effect.     Injections  of  ergo- 
tine,  acetate   of  lead,  and  local  cold   and  compression  having 
likewise    failed,    Mr.    Holmes   tied    both    the    subclavian    and 
carotid.     The    pulsation   of    the    tumour    at    first    diminished 
slightly,  but  soon  returned  to  about  what  it  had  been  before  the 
operation,  and  it  was  quite  evident  that  the  ligature  had  had  no 
curative  effect.     In  the  last  few  days  of  the  year  it  began  to  grow 
rapidly  and  to  produce  great  dyspnoea ;  the  skin  also  became 
somewhat  thin  and  livid.     Rupture  of  the  sac  being  obviously 
impending,  it  was  resolved  to  try  galvano-puncture.  Four  needles 
were  inserted  parallel  to  each  other  and  about  an  inch  apart,  and 
I  applied  the  current  of  from  ten  to  twenty-five  cells  of  Smee's 
battery,  so  that  the  positive  and  negative  pole  were  alternately  in 
contact  with   each  needle,  the  changes  being  made  every  five 
minutes,  so  that  the  whole  process  lasted  twenty- five  minutes. 
The  patient  com.pl  ained  much  of  pain,  particularly  when  the 
changes  were  made.     Arterial  blood  jetted  freely  from  the  pun- 
ctures as  the  needles  were  withdrawn,  but  the  hssmorrhage  was 
at  once  checked  by  pressure.     For  the  first  two  days  the  tumour 
decreased  considerably  in  size,  but  afterwards  it  increased  both 
in  size  and  pulsation  ;  redness  and  cedema  extended  around  it  in 
all  directions,  and  the  patient  died  on  January  10,  at  9  A.M.     On 
the  previous  night,  seeing  that  the  skin  was  whitish  and  soft,  and 
apprehending  that  the  tumour  might  be  suppurating,  Mr.  Holmes 
punctured  it  deeply  with  a  thin  knife.    A  little  froth  of  blood  and 
a  gush  of  air  alone  issued  from  the  puncture.     At  the  autopsy  the 
whole  of  the  cellular  tissue  around  the  tumour  was  found  loaded 
with  lymph  and  much  indurated.     This  diffuse  inflammation  ex- 
tended the  whole  way  up  the  neck,  rendering  the  dissection  ex- 
tremely difficult.     The  aneurismal  sac  involved  the  whole  of  the 
innominate  artery,  and  opened  into  the  aorta  by  a  very  large 
orifice.  It  was  almost  filled  with  blood-coagula,  which  were  firmly 
adherent  to  the  sac,  but  had  not  assumed  any  regular  concentric 
lamination.     The  aorta  was  greatly  dilated  and  very  atheroma- 
tous.    The  heart  was  healthy. 

This  was  a  most  unfavourable  case  for  treatment,  as  the  patient 
was  so  reduced  in  strength  that  he  must  have  died  from  exhaus- 
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tion  or  heemorrliage  in  a  short  time.  Pertaps,  however,  a  raoro 
gentle  appKcation  of  the  galvanic  current  would  not  have  heen 
followed  by  the  inflammation  from  which  the  poor  man  ultimately 
sank.  The  result  of  this  case  has  deeply  impressed  upon  my 
mind  tlie  importance  of  using  a  very  gentle  current  in  the  first 
instance,  and  then  ivatcMng  the  effect.  It  is  easy,  if  no  result  is 
obtained,  to  increase  the  galvanic  power  subsequently,  and 
patients  appear  better  able  to  bear  a  considerable  power  if  they 
have  .been  gi^adually  accustomed  to  the  influence  by  preceding 
slighter  applications. 

The  second  case  in  which  I  used  the  current,  was  under  the 
care  of  ]\ir.  Pick,  in  St.  George's  Hospital.  As  the  first  case 
had  done  badly  under  the  influence  of  both  poles  in  the  sac,  I 
determined  in  the  second  to  use  only  the  negative  pole  for  the 
aneurism,  and  to  close  the  circuit  by  putting  a  moistened  sponge- 
conductor  connected  with  the  positive  pole  outside  on  the  chest. 
This  was  a  traumatic  aneurism  of  the  ulnar  artery.  Two  needles 
were  made  to  perforate  the  sac  completely  from  side  to  side,  and 
connected  with  the  negative  pole  of  the  battery,  the  stream, 
being  kept  up  about  twenty  minutes.  The  application  was  un- 
successful. Some  little  bleeding  followed  the  withdrawal  of  the 
needles,  which  was  easily  controlled  by  pressure ;  but  on  the 
following  day  the  patient  complained  of  much  pain,  and  tha 
day  after  the  summit  of  the  sac  gave  way.  The  artery  was  then 
tied  above  and  below,  and  the  man  recovered  rapidly. 

The  third  case  was  that  of  an  aneurism  of  the  arch  of  aorta,  in. 
a  gentleman  aged  48,  whom  I  saw  in  consultation  with  Mr.  Blias, 
of  Southport.  In  this  case  there  was  extensive  heart  disease, 
which  rendered  any  permanent  beneficial  result  in  the  highest 
degree  improbable.  I  used  both  poles  internally  on  one  occasion 
only.  There  was  no  local  reaction,  and  the  patient  appeared  to 
improve  both  locally  and  generally,  for  the  first  sis  weeks  after 
the  operation.  A  relapse  then  occurred,  and  he  ultimately  sank 
from  the  efiects  of  the  heart  disease,  in  April  1873. 

The  fourth  case  in  which  I  used  the  current  was  that  of  a 
large  aortic  aneurism,  arising  very  near  the  heart,  and  perfora- 
ting the  thoracic  parietes  on  the  right  side  low  down.  The 
patient  was  under  the  care  of  Mr.  Holmes  ^  and  Dr.  Ballard,  of 
Southwick  Place.  '  In  this  case  at  first  the  cathode  was  used 
internally,  without  any  perceptible  effect.     Both  poles  were  sub- 

'  Holmes,  loc.  cit. 
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sequently  introduced  into  the  interior  of  the  sac,  a  nodule  of  the 
tumour  having  approached  so  near  to  the  skin  as  to  threaten 
the  speedy  rupture  of .  the  aneurism.  The  effect  was  very 
striking,  but  only  transitory.  We  left  the  man  with  dimi- 
nished pulsation,  and  some  solidification  of  the  tumour.  Soon 
afterwards  the  tumour  ceased  altogether  to  pulsate.  This 
fact  was  not  observed  by  any  of  us,  but  rests  on  the  man's  own 
testimony  and  that  of  his  wife.  As,  however,  they  were  intelli- 
gent people,  and  he  had  been  tortured  day  and  night  for  a  year 
by  the  beating  of  a  great  tumour,  he  could  hardly  be  mistaken 
on  such  a  point.  Soon,  however,  the  pulsation  recurred,  and 
when  we  saw  it  again  it  was  not  much  diminished.  Still  he 
was  somewhat  better,  and  the  relief  to  breathing  and  cough,  from 
which  he  had  suffered  severely  since  the  commencement  of  the 
treatment,  was  of  itself  sufficient  to  compensate  him  for  the  very 
trifling  inconvenience  which  he  had  experienced  from  the  galvan- 
ism. The  patient  ultimately  died  from  external  hismorrhage 
occurring  through  one  of  the  needle-holes.  His  life  was  de- 
cidedly prolonged  by  the  treatment,  and  he  himself  was  con- 
scious of,  and  grateful  for,  the  relief  afforded  to  his  symptoms ; 
but  the  disease  was  evidently  past  all  hope  of  radical  cure  at  the 
time  when  the  treatment  was  commenced.' 

The  fifth  case  of  aneurism  I  have  treated  electrolytically 
was  one  which  was  situated  just  at  the  junction  of  the  ascending 
and  transverse  portions  of  the  arch  of  the  aorta.  It  occurred  in  a 
patient  aged  49,  who  was  admitted  under  the  care  of  Mr.  Holmes, 
in  St.  George's  Hospital,  in  March  last,  and  who  died  June  17. 
Several  modes  of  applying  the  current  were  adopted  in  this  case, 
and  it  was  found  that  only  when  hotJi  poles  were  in  the  sac  a  decided 
change  for  the  better  took  place.  The  patient  being  extremely 
sensitive  to  the  current,  he  was  several  times  placed  under  the 
influence  of  chloroform,  but  could  bear  the  application  quite  well 
after  the  effects  of  the  chloroform  had  passed  ofi" ;  so  that  it  was 
not  necessary  to  keep  him.  very  long  under  the  influence  of  it. 
This  is  another  fact  showing  the  correctness  of  my  theory  tJmf 
the  internal  application  of  the  constant  current  produces  an  aiices- 
thetic  effect  on  the  parts  which  have  for  some  time  heen  suhjected  to 
its  action.  The  tumour  in  this  case  was  situated  in  the  right  infra- 
clavicular region,  extending  from  the  lower  border  of  the  clavicle 
to  the  nipple,  and  from  the  mid-external  line  to  the  anterior  fold 
of  the  axilla.     The  patient  ultimately  died  of  right  pleurisy,  and 
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it  was  discovered  ^ost  mortem  tliat  the  aneurism,  wliich  had 
corroded  the  cartilages  of  the  three  upper  ribs  and  the  correspond- 
ing edge  of  the  sternum,  also  projected  into  the  right  pleura,  in 
"which  a  few  ounces  of  turbid  fluid  were  found,  the  opposed 
surfaces  of  the  membrane  being  coated  with  recent  lymph.  The 
aneurism  itself  appeared  to  be  in  the  process  of  healing,  for  its 
sac  was  filled  with  blood-clot,  of  which  the  circumferential  part 
was  laminated  and  yellow,  while  the  central  part  was  soft  and 
dark-coloured. 

From  the  results  of  the  foregoing  cases  I  have  no  doubfc  what- 
ever that  the  onost  effective  application  of  the  current  is  that  vjhere 
both  poles  are  inserted  into  the  sac.  This  mode  of  application  is 
also  that  one  employed  by  Ciniselli  and  Dr.  Duncan,  of  Edin- 
burgh. Both  poles  are  useful  in  difierent  ways ;  the  positive 
produces  a  small  firm  clot,  and  the  negative  a  large  soft  one. 
Where  only  one  pole  is  in  the  sac,  the  resistance  encoantered  by 
the  electricity  is  so  great  that  a  much  larger  galvanic  power  has 
to  be  used  to  produce  any  effect  at  all ;  and  even  then  the  effect 
of  that  pole  which  remains  outside  is  lost. 

A  natural  apprehension  has  been  felt  by  many  physicians 
whether  a  portion  of  the  clot  might  not  become  disengaged,  and 
block  up  a  cerebral  artery  ?  Experience  shows  that  such  an 
accident  is  not  likely  to  occur.  Another  fear  has  been  that  the 
gas  which  is  developed  in  the  aneurismal  sac  by  the  electrolytic 
process,  might  prove  dangerous ;  but  this  likewise  has  turned 
out  to  be  a  groundless  apprehension,  probably  because  the  gas  is 
intimately  mixed  with  liquid,  and  moreover  appears  in  exces- 
sively small  bubbles,  some  of  which  have  only  a  diameter  of 
O'OOS  millimetre.  It  cannot  therefore  have  the  same  effect  as  a 
few  large  bubbles  of  air  suddenly  entering  a  vein. 

It  appears  to  be  best  to  protect  the  textures  perforated  by  the 
needles  from  the  action  of  the  current  by  an  insulating  layer,  in 
order  to  prevent  sloughing  or  cellulitis.  The  diflB.culty  of  insu- 
lating the  needles  is  considerable.  Sealing-wax  is  totally  useless, 
as  it  becomes  semi-liquid  at  the  temperature  of  the  body,  and  is, 
as  it  were,  peeled  off  from  the  needle  by  the  skin,  at  the  moment 
of  introduction.  Drs.  Duncan  and  Eraser^  have,  however,  con- 
structed a  needle  insulated  with  vulcaiilte,  which  answers  very 
well. 

The  pain  of  galvano-puncture  is  very  great,  if  a  powerful  cur- 
rent be  used  at  once.     If  the  application  be  gentle,  the  inconve- 
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nience  to  the  patient  is  slight,  and  it  is  as  a  rule  not  necessary  to 
place  him  under  the  influence  of  chloroform.  When  it  is,  however, 
found  necessary  to  use  a  strong  current,  it  is  better  to  resort  to- 
anesthesia,  which  need  not  be  kept  up  very  long  ;  for  the  current 
seems  gradually  to  benumb  the  parts  after  they  have  been  under 
its  influence  for  some  time.  This  effect  was  very  marked  in  my 
fifth  case  which  I  treated  with  Mr.  Holmes,  where  the  patient, 
who  had  at  first  complained  very  much  of  a  current  of  moderate 
power,  was  chloroformed,  and  awoke  from  the  anaesthesia  while  a 
powerful  current  was  passing  through  his  aorta.  He  was  perfectly 
conscious,  and  I  asked  him  repeatedly  whether  he  felt  any  pain, 
as  I  should  have  wished  him  to  have  more  chloroform  then ; 
but  he  answered  that  he  had  no  pain  at  all,  and  the  current 
passed  for  another  half  hour  without  causing  him  any  inconve- 
nience. 

How  long  should  the  application  be  continued  ?  I  think  that 
the  first  application  should  not  last  longer  than  twenty  minutes ; 
and  we  must  afterwards  act  according  to  circumstances.  Where 
short  applications  have  little  or  no  effect,  we  must  gradually 
prolong  the  action  of  the  current  to  an  hour,  or  even  more.  As 
the  electrolytic  efiect  on  the  skin  is  neutralised  by  the  insulation 
of  the  needles  used,  no  unpleasant  effects  are  likely  to  ensue 
in  the  neighbourhood  of  the  sac. 

Dr.  Duncan  ^  considers  that  electrolysis  may  be  hopefully  used 
m  aneurism  of  the  great  vessels,  such  as  the  aorta,  innominate 
and  subclavian  arteries,  if  progressing  in  spite  of  proper  medical 
treatment.  He  prefers  compression,  where  this  is  possible,  to 
electrolysis  ;  thinks  the  latter  preferable  to  ligature  ;  recommends 
electrolysis  more  particularly  for  cirsoid  aneurism,  and  also  for 
varicose  aneurism,  gluteal  and  sciatic  aneurism,  while  he  believes 
that  in  many  aneurisms  of  small  arteries  it  is  likely  to  prove  a 
useful  addition  to  our  means  of  cure. 

'  For  cirsoid  aneurism  (Dr.  Duncan  says)  electrolysis  seems  to 
be  the  safest,  simplest,  and  most  certain  method  of  treatment. 
Ligature  of  large  arteries,  like  the  carotid,  is  extremely  dan- 
gerous, and  has  been  singularly  unsuccessful.  Out  of  eighteen 
cases  seven  died  and  only  two  were  permanently  cured.  The 
perchloride  of  iron,  though  it  has  been  successfully  injected,  is 
also  liable  to  failure,  and  has,  moreover,  certain  well-known  risks 
attending  it.     Extirpation,  ligature  and  incision,  have  been  tried,, 

'  The  Surgical  Applications  of  Electricity.     Edinburgh,  1873. 
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but  hold  out  little  iBducement  to  repeat  tliem.  Galvanism,  how- 
ever, has  been  successful  in  the  only  two  cases  in  which  it  has 
been  used,  and  though  several  operations  were  required  in  each, 
not  the  slightest  accident  happened  in  either.'  He  has  treated 
such  an  aneurism  on  the  left  side  of  the  head  of  a  labourer,  asjed 
21,  having  the  shape  and  size  of  the  half  of  a  large  Jersey  pear, 
and  which  was  cured  by  four  appHcations.  Both  poles  were  put 
into  the  sac,  the  application  lasted  for  twenty  minutes  each  time, 
and  was  made  with  four  cells  of  Bunsen's  battery.  Each  opera- 
tion produced  a  hard  core  in  the  tumour,  whereby  the  lafcter  was 
gradually  obliterated. 

Meyer  ^  has  given  the  details  of  a  case  of  a  male  patient,  aged 
52,  who  suffered  from  an  aneurisma  racemosum  of  the  left  knee, 
which  had  gradually  come  on  after  an  accident ;  there  was  dis- 
tinct pulsation  at  different  poiats  of  the  patella,  and  the  tempera- 
ture was  considerably  increased.  He  introduced  three  needles, 
connected  with  the  positive  pole  of  the  battery,  into  those  places 
where  pulsation  was  most  marked,  while  the  negative  conductor 
was  applied  to  the  thigh.  Twenty  cells  were  used,  and  the 
needles  left  in  the  tumour  for  fifteen  minutes.  The  operation 
was  nearly  painless,  and  no  bleeding  took  place  when  the  needles 
were  removed.  A  digital  compression  of  the  femoral  artery  was 
then  resorted  to  for  twenty-four  hours  after  the  operation,  and 
galvano-puncture  repeated  four  times  more  at  intervals  of  six  or 
eight  days,  compression  being  again  resorted  to  after  each  appli- 
cation. The  pulsation  in  the  tumour  gradually  diminished,  and 
the  clots  in  the  interior  of  the  tumour  became  so  hard  that  at 
last  it  was  found  extremely  difficult  to  introduce  the  needles.  A 
small  abscess  of  the  cellular  tissue  was  formed  at  the  lower  por- 
tion of  the  patella,  which  had  to  be  opened,  but  which  healed 
within  a  week.  The  tumour  shrank  very  considerably,  and  only 
a  small  portion  remained. 

Ciniselli  ^  has  recorded  a  case  of  aneui'ism  of  the  descending 
aorta  cured  by  galvano-puncture.  The  patient,  aged  46,  had  a 
round  pulsating  tumour  on  the  right  side  of  the  sternum,  in  the 
third  intercostal  space ;  it  was  six  centimetres  wide  and  almost 
equally  long,  and  was  elevated  about  one-and-a-half  centimetre 
above  the  level  of  the  walls  of  the  thorax.  Ciniselli  believed  it 
to  be  an  aneurism  of  the  lateral  portion  of  the  aorta  descendens 

'  Loc.  cit.  p.  45. 

2  Gazette  des  Hopitaus,  1868,  No.  134. 
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tlioracica,  and  used  for  its  cure  three  steel  needles  one  millimetre 
thick,  wliicli  were  introduced  into  the  third  intercostal  space, 
one  heing  about  two  centimetres  distant  from  the  other.  The 
positive  pole  was  first  connected  with  one  of  the  needles,  and  the 
negative  with  a  spongeholder  applied  to  the  skin  in  the  neighbour- 
hood of  the  tumour.  He  then  connected  the  positive  pole  with 
the  second  needle,  and  the  negative  with  the  first,  where  the  posi- 
tive pole  had  already  acted,  &c.,  until  each  needle  had  been  in 
contact  with  both  poles.  The  application  lasted  forty  minutes  ; 
the  skin  had  become  reddened  and  swollen.  After  a  few  days 
these  local  symptoms  abated;  there  was  no  general  reaction. 
Sixty- six  days  after  the  operation  the  patient  was  completely 
cured. 

Ciniselli*  thinks  that  in  most  cases,  where  the  electrolytic 
operation  fails,  this  is  due  to  the  circumstance  that  some  of  the 
great  arteries  which  spring  from  the  arch  of  the  aorta  take  their 
origin  from  the  aneurismal  sac  itself ;  and  the  too  rapid  passage 
of  the  blood  into  the  sac  impedes  the  formation  of  the  electrolytic 
clot.  He  has  lately  treated  four  cases  of  introthoracic  aneurism 
unsuccessfully,  and  lays  it  down  as  a  principle  that,  when  a 
great  arterial  trunk  takes  its  origin  from  the  aneurismal  sac,  the 
operation  is  useless. 

One  of  these  latter  cases  of  Ciniselli's  is  the  following,  which 
was  diagnosed  as  that  of  an  aneurism  of  the  end  of  the  arch  of 
the  aorta : — The  patient  had  sufi'ered  intensely  for  eighteen 
months.  On  May  29,  1871,  Ciniselli  introduced  three  steel 
needles  one  millimetre  thick,  into  the  middle  of  the  first  left 
intercostal  space,  about  4  centimetres  deep,  the  needles  being  at 
2  centimetres  distance  from  one  another,  the  internal  one  being 
one  centimetre  from  the  edge  of  the  sternum.  Considerable 
vibration  was  at  once  communicated  to  the  needles,  which  de- 
scribed an  oscillating  movement  from  above  downwards.  AIL 
the  needles  were  successively  connected  with  the  negative  and 
positive  poles,  the  changes  being  made  not  according  to  time> 
but  whenever  the  characteristic  phenomena  of  the  electro- 
chemical action  appeared — that  is  to  say,  a  black  circle  round  the 
positive,  and  a  pallid  zone  round  the  negative  pole.  The  whole 
electric  action  occupied  thirty- five  minutes.  After  the  operation, 
the  pulsation  and  yibration  were  less.  There  were  no  bad 
symptoms,  and  the  patient  recovered  sufldciently  to  be  able,  two 

1  II  Galvani,  Jan.  1873. 
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raontlis  afterwards,  to  return  to  his  business  as  carman.  If  lie 
took  things  easily  he  could  do  his  work  well ;  but  working  hard, 
or  any  excesses  in  diet,  made  him  ruuch  worse.  He  suddenly 
expired  on  September  24,  after  having  done  some  particularly 
hard  work,  about  four  months  after  the  operation.  No  necropsy 
could  be  made. 

Dr.  McCall  Anderson^  has  been  successful  in  a  case  of  aneu- 
rism of  the  thoracic  aorta,  in  which  he  used  Stohrer's  battery, 
and  a  needle  insulated  to  within  half  an  inch  of  its  point,  by 
being  coated,  as  recommended  by  Dr.  Duncan,  with  a  mixture  of 
shellac  and  gutta  percha.  The  operations  where  performed 
thus  : — The  skin  at  the  edge  of  the  aneurismal  swelling  havino- 
been  frozen  with  ether  by  the  aid  of  Dr.  Richardson's  spray- 
producing  apparatus,  the  needle  connected  with  the  positive 
pole  was  passed  obliquely  into  the  aneurismal  sac.  A  zinc  plate, 
connected  with  the  negative  pole,  was  then  applied  to  the  chest- 
wall  on  the  opposite  side  and  about  three  inches  beyond  the  edge 
of  the  swelHng,  a  sponge  wrung  out  of  warm  salt  water  inter- 
vening between  the  plate  and  the  skin.  The  cells  of  the  battery 
were  then  raised  in  the  usual  way,  and  the  sledge  pushed  up  so 
as  to  bring  four,  six,  or  eight  cells  into  use.  When  the  process 
was  completed  the  sledge  was  slowly  pushed  back,  the  zinc  plate 
removed  from  the  skin,  and  the  needle  extracted,  a  piece  of 
plaster  being  applied  over  the  puncture. 

The  patient  was  a  woman  aged  46,  who,  two  years  and  a  half 
ago,  began  to  complain  of  a  '  violent  beating  at  her  breast '  and 
of  hoarseness.  About  four  months  after  the  onset  of  the  palpi- 
tation she  first  experienced  a  sensation  as  if  a  heavy  weight  were 
pressing  upon  her  chest,,  and  complained  of  lancinating  pains 
between  the  shoulders,  which  extended  down  the  left  arm,  and 
which  gradually  increased  in  severity.  About  eighteen  months 
previous  to  admission  she  observed  a  swelling  in  front  of  the 
chest,  which  was  then  about  the  size  of  a  small  hen's  egg ;  it 
extended  gradually  at  first,  but  more  rapidly  during  the  last  six 
months  of  this  time.  From  the  time  of  appearance  of  the 
tumour  the  palpitation  became  more  marked,  being  also  aggra- 
vated by  movement ;  and  dyspnoea  set  in,  so  as  to  prevent  her 
from  lying  with  any  degree  of  comfort  save  on  her  left  side. 

On  inspection  of  the  chest  the  swelling  was  seen  at  the  lower 
and  inner  part  of  the  left  infra-clavicular  space  and  implicating 

J  The  Lancet,  May  1873. 
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also  tlie  Tipper  sternal  region.  It  was  about  three  inclies  and  a 
lialf  in  diameter,  and  its  apex — for  it  was  somewhat  conical — 
was  about  an  inch  and  a  half  above  the  surface.  Pulsation  and 
expansion  could  be  distinctly  seen  and  felt,  and  palpitation  elicited 
well-marked  purring  tremor  over  it.  A  well-marked  systolic 
murmur  was  audible,  and  the  left  ventricle  was  the  seat  of  hyper- 
trophy and  dilatation. 

Treatment  by  ice  locally  and  by  iodide  of  potassium  internally 
having  proved  ineffectual,  electrolysis  was  resorted  to  on  April  4, 
and  continued  for  half  an  hour,  four  cells  being  employed  for  the 
first  quarter  of  an  hour,  six  for  the  second.  Two  days  after- 
wards the  swelling  was  found  to  be  firmer,  and  she  could  take  a 
deep  inspiration  almost  without  any  pain.  On  April  9  galvano- 
puncture  was  employed  for  the  second  time,  and  was  unattended 
by  hemorrhage  or  complication  of  any  kind.  On  April  26  the 
tumour  was  decidedly  smaller,  and  for  the  most  part  firm  and 
solid.  It  still  pulsated  however ;  and  the  systolic  murmur, 
though  not  nearly  so  pronounced,  was  still  present.  The  opera- 
tion was  therefore  repeated,  the  needle  being  passed  into  the 
soft  part  of  the  swelling.  This  produced  marked  improvement ; 
the  tumour  became  firmer  at  the  lower  part,  diminished  in  size, 
and  the  pulsation  became  less  distinct.  On  August  27  galvano- 
puncture  was  again  made  use  of,  six  cells  being  employed  for  the 
filrst  quarter  of  an  hour,  eight  for  the  following  five  minutes,  and 
six  for  the  last  ten  minutes.  The  battery,  having  been  recently 
reamalgamated,  acted  more  powerfully  than  formerly,  so  much 
so  that  when  eight  cells  were  used  she  complained  of  decided 
nneasiness.  The  result  of  this  operation  was,  that  the  swelling 
vyas  further  reduced  in  size  and  rendered  firmer.  On  October 
26  the  tumour  was  only  about  one  quarter  of  its  size  before 
galvano-puncture  was  resorted  to,  and  was  for  the  most  part 
very  solid,  much  more  so  than  the  surrounding  healthy  parts  of 
the  chest.  There  was  no  trace  of  purring  tremor,  and  its  pulsa- 
tion was  much  diminished.  The  patient  felt  in  perfect  health,  and 
her  only  complaint  was  of  a  feeling  of  pulsation  within  the  chest. 

Dr.  Brandis,  of  Aix-la-Chapelle,  has  cured  by  electrolysis  a 
large  femoral  aneurism  close  beneath  Poupart's  ligament,  in  a 
man  aged  33.  The  tumour  was  22  centimetres  broad,  and  18 
centimetres  long,  and  had  first  appeared  six  years  before,  with- 
out known  cause.  It  had  increased  rapidly  during  the  last  few 
months,  and  the  patient  now  suffered  so  much  pain  as  to  be 
unable  to  work.     It  was  very  difficult  to  distinguish  the  femoral 
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artery  al)ove  tlie  aneurism.  There  was  nothing  wrong  with  the 
heart  or  the  rest  of  the  arterial  system.  Digital  and  instru- 
mental pressure,  as  well  as  forcible  flection  of  the  hip-joint,  were 
tried  unsuccessfully,  the  patient  being  unable  to  endure  the 
restraint  for  more  than  ten  minutes  at  a  time.  The  opera- 
tion was  made  with  30  cells  of  Stohrer's  battery.  Platinum 
needles  were  used,  whose  extremities  were  exposed  for  three  cen- 
timetres only,  the  rest  being  covered  with  shellac.  The  external 
iliac  artery  was  compressed,  and  the  needles  were  then  introduced 
into  the  tumour  for  a  depth  of  five  centimetres  (two  inches),  and 
four  centimetres  apart.  The  needles  were  kept  in  for  six  minutes, 
within  which  time  a  dark  area  of  blistered  skin  formed  round 
the  point  of  introduction  of  the  positive  pole.  The  current  was 
now  reversed,  and  the  same  thing  occurred  round  the  other 
needle.  In  fact  the  shellac  had  melted,  and  did  not  protect  the 
superficial  tissues.  An  eschar  had  formed  around  each  needle 
puncture  three-fourths  of  a  centimetre  broad.  The  needles  were 
now  put  into  other  parts  of  the  aneurism,  and  the  current  made 
to  act  altogether  for  thirty-five  minutes. 

By  that  time,  a  large  quantity  of  gas  had  been  set  free  in  the 
sac,  so  that  the  aneurism  had  become  plainly  tympanitic,  and  for 
a  hand's-breadth  the  skin  was  emphysematous.  Hard  masses 
might  be  felt  in  the  aneurism.  The  compression  of  the  artery 
was  continued  for  two  hours  and  three-quarters,  during  which 
period  the  aneurism  distinctly  hardened,  and  when  the  pad  of 
the  compressor  was  raised  sufiiciently  to  allow  pulsation  to  be  felt 
in  the  femoral,  no  thrill  was  perceived  in  the  tumour.  Four 
hours  after  the  commencement  of  the  operation,  all  compression 
was  removed,  and  the  patient  allowed  to  recover  from  the  effects 
of  chloroform.  ISTo  pulsation  could  be  felt  in  the  tumour,  which 
had  diminished  in  width  three  centimetres,  and  in  length  two  cen- 
timetres. The  femoral  could  be  felt  pulsating  down  to  the  tumour, 
but  below  this  no  pulsation  could  be  felt  anywhere.  Pulsation 
never  returned  in  the  tumour,  which  gradually  diminished  in 
size  and  became  harder.  Two  smart  attacks  of  fever  occurred, 
however,  the  first  through  the  suppuration  of  the  needle-tracks, 
the  second  through  the  formation  of  an  abscess  beneath  the  fascia 
lata  on  the  outer  side  of  the  thigh. 

Six  weeks  after  the  operation  the  patient  got  up  for  the  first 
time,  and  was  discharged  cured  at  the  end  of  January  ;  nothing 
was  then  left  of  the  tumour  except  a  small  hard  lump. 

u  u 


658  ELECTEO-THEEAPEUTICS  chap.  v. 

Before  the  chemical  properties  of  the  different  forms  of  elec- 
tricity were  well  known,  faradism  has  occasionally  been  used  for 
the  cure  of  aneurism,  as  it  was  thought  electricity  was  one  and 
the  same  thing  under  all  circumstances.  Such  a  case  has  been 
recorded  by  Mr.  Eyre.'  There  was  a  pulsating  tumour  in  the 
left  groin,  of  the  size  of  a  fowl's-egg  ;  the  pulsation  was  very 
strong,  and  accompanied  with  a  bruit  which  could  be  traced  two 
inches  above  the  tumour  ;  the  limb  was  swollen  and  painful. 
Needles  connected  with  the  poles  of  an  induction  apparatus  were 
introduced  into  the  sac,  and  a  current  sent  through  it  for  some 
time.  Alarming  signs  of  inflammation  supervened,  and  it  was 
not  until  seventeen  days  after  the  operation  that  the  tumour  felt 
harder,  and  the  pulsation  became  fainter.  In  this  case  elec- 
tricity acted  merely  as  a  stimulant,  and  the  sac  was  closed  in 
consequence  of  irritation  and  adhesive  inflammation,  but  not  by 
chemical  action.  It  is  hardly  necessary  to  state  that  the  employ- 
ment of  induction  currents  for  the  cure  of  aneurisms  is  not 
justifiable. 

Varicose  mens  and  varicocele  may  be  electrolysed  in  the  same 
manner  as  aneurism;  but  the  results  of  this  treatment  appear 
generally  not  to  be  of  a  permanent  character. 

XVIII.— DISEASES  OF  THE  URINARY  ORGANS. 

Stricture  of  the  Urethra  was  first  galvanically  treated  by  Crussel 
and  Wertheimber,  but  to  Messrs.  Mallez  and  Tripier  ^  the  merit 
is  due  of  having  proposed  an  intelligible  method  of  applying  the 
constant  current.  They  recommend  electrolysing  the  stricture 
by  introducing  a  urethral  electrode  which  consists  of  a  wire 
covered  with  an  elastic  catheter,  the  anterior  portion  of  which 
has  been  cut  ofi"  in  order  to  protect  the  surrounding  parts  from  cau- 
terisation. This  is  put  to  the  seat  of  the  obstruction,  and  connected 
with  the  negative  pole  of  twelve  pairs  of  the  bisulphate  of  mer- 
cury battery  ;  the  positive  electrode  is  a  moistened  sponge-con- 
ductor, fixed  on  the  inner  surface  of  the  left  thigh.  As  soon  as 
the  circuit  is  closed,  the  patient  feels  a  slight  pricking  sensation, 
which,  however,  diminishes  in  proportion  as  the  eschar  is  formed. 
The  metallic  point  is  then  pushed  forward,  so  as  to  cauterise  the 
difierent  parts  of  the  stricture ;  and  when  the  impediment  is 

»  The  Lancet,  July  1853. 

*  De  la  gu^rison  durable  des  rdtrdcissements  de  I'urethre  par  la  galvano- 
caustique  chimique.     Paris.  1867.     2nd  edition,  1870. 
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destroyed,  the  sound  is  pushed  forward  beyond  the  point  of  the 
wire.  A  catheter  can- then  be  easily  introduced  into  the  bladder, 
showing  that  the  stricture  has  beeu  overcome.  Messrs.  Mallez 
and  Tripier  have  treated  thirty-one  cases  by  this  method  in  a 
public  dispensary,  with  satisfactory  results.  It  is  true  that  one 
of  these  patients  died  a  week  after  the  operation,  of  urethral 
fever  ;  but  he  had  already  once  before  nearly  died  of  that  after 
urethrotomy.  The  authors  of  the  operation  do  not  consider  that 
their  proceeding  should  be  made  responsible  for  this  fatal  result, 
as  death  has  occasionally  occurred  after  simple  catheterism,  in 
persons  who  were  either  in  bad  general  health,  or  suffered  from 
disease  of  the  kidneys.  In  the  patient  alluded  to,  the  immediate 
effects  of  the  operation  had  been  satisfactory.  One  operation  is 
generally  sufficient,  and  nothing  further  need  be  done ;  but  the 
catheter  is  introduced  from  time  to  time,  in  order  to  see  whether 
the  result  of  the  treatment  has  been  permanent.  They  say  that 
the  size  of  the  urethral  canal,  instead  of  diminishing,  increases 
for  a  week  or  two  after  the  operation,  and  consider  this  due  to 
the  absorption  of  peri-urethral  effusions,  which  have  been  brought 
under  the  influence  of  the  negative  pole.  The  following  is  one  of 
Mallez  and  Tripier's  cases  : — 

A  custom-house  officer,  aged  62,  had  had  gonorrhcea  at  the  age 
of  twenty,  and  passed  his  urine  with  difficulty  for  the  last  ten 
years.  For  the  last  eighteen  months  there  had  been  inconti- 
nence, which  obliged  the  patient  to  wear  a  urinal.  He  was 
unable  to  follow  his  employment.  On  May  2,  1864,  the  urethra 
was  explored  with  an  elastic  bougie,  which  encountered  an  ob- 
stacle at  the  end  of  the  spongy  portion  of  the  urethra ;  and 
rectal  examination  showed  the  existence  of  hypertrophied 
prostrate  without  deformity.  For  twenty  minutes  it  was  tried  to 
introduce  a  bougie  No.  3  into  the  bladder,  which  caused  a  few 
drops  of  blood  to  appear.  On  May  6  a  bougie  No.  3  was  intro- 
duced after  patient  trials  of  three-quarters  of  an  hour ;  and  on 
May  9  the  stricture  was  electrolysed  to  the  extent  of  half  an 
inch.  The  apj)lication  lasted  five  minutes  :  immediately  after 
the  operation,  bougies  No.  19  and  20  could  be  introduced 
without  any  difficulty,  and  the  patient  passed  his  water  in  a  full 
stream.  No  fever  supervened.  The  incontinence  ceased,  and  he 
was  no  longer  obliged  to  wear  the  urinal.  He  was  seen  several 
months  afterwards,  when  he  was  in  excellent  health  a  ad  there 
was  no  return  of  the  stricture. 

ir  u  2 
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In  most  cases  operated  -upon  by  Messrs.  Mallez  and  Tripier, 
one  application  of  tile  current  appears  to  have  been  sufficient  for 
the  cure  of  the  stricture  ;  in  a  few  others  from  two  to  five  were 
necessary.  In  only  one  case  did  the  patient  complain  of  pain 
during  the  operation,  and  in  a  few  only  was  thei-e  slight  haemor- 
rhage afterwards.  Some  of  these  cases  have  remained  under 
observation  for  more  than  three  years,  without  a  relapse  having 
taken  place. 

Prof.  Dittel,^  of  Vienna,  does  not  share  the  sanguine  expecta- 
tions of  Tripier  and  Mallez.  He  has  used  electrolysis  in  three 
cases  of  stricture  without  any  result.  In  one  case  there  was  a 
rise  of  temperature  and  acceleration  of  the  pulse  in  the  evening 
of  the  day  when  the  current  had  been  used  ;  and  in  another  local 
urethritis  ensued  ;  in  none  of  the  three,  however,  was  it  possible 
to  advance  the  catheter  the  least  bit  after  the  operation.  I  must, 
however  draw  attention  to  the  circumstance  that  Prof.  Dittel 
appears,  according  to  his  own  description,  to  have  used  the 
reverse  position  of  the  poles  recommended  by  Tripier.  The 
latter  uses  the  negative  pole  for  the  stricture,  and  the  positive  for 
closing  the  circuit ;  while  Dittel  says  that  he  used  the  positive 
for  the  stricture,  and  the  negative  outside.  This  of  course 
would  render  his  exj)eriments  useless  as  far  as  they  would 
control  Tripier's.  The  use  of  the  positive  electrode  for  the  urethra 
I  should  consider,  under  any  circumstances,  one  of  the  greatest 
electro-therapeutical  viistaJces  ivhich  could  he  made,  as  it  is  almost 
certain  to  cause  inflammation  ;  and  even  the  removal  of  the 
electrode  from  the  urethra  cannot  be  effected  without  violence 
as  it  becomes  firmly  glued  to  the  mucous  membrane.  A  pro- 
longed and  powerful  action  of  the  positive  electrode  in  the 
urethra  would  probably  cause  a  stricture. 

Paralysis  of  the  bladder  is  a  term  which  has  been  somewhat 
loosely  applied  to  cases  in  which  there  is  difficult  micturition,  but 
where  the  bladder  is  not  really  paralysed.  Patients  in  whom 
this  organ  has  lost  its  function  of  acting  as  a  reservoir  for  the 
accumulated  urine,  are  said  to  suffer  from  incontinence,  or 
paralysis  of  the  sphincter  of  the  bladder;  and  again,  cases  in 
which  some  mechanical  obstruction,  such  as  hypertrophied  pro- 
state, offers  an  impediment  to  the  discharge  of  the  urine,  are 

*  Handbiicli  der  Chirurgie  von  Pitha  und  EiUroth.  Erlangen,  1873.  Vol. 
iii.  p.  572. 
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frequently  put  down  as  paralysis  of  the  bladder.  Strictly 
speaking  we  can  only  .speak  of  paralysis  of  the  bladder — that  is 
to  say,  inability  to  pass  urine  in  the  natural  way  from  loss  of 
motor  nervous  influence  : — 

1.  When  the  conduction  of  nervous  influence  from  the  peduu' 
cuius  cerebri  to  the  bladder  is  interrupted.  This  occurs  in  cer- 
tain cerebral  diseases,  in  hysteria,  in  typhoid  fever. 

2.  When  the  influence  of  the  lumbar  portion  of  the  spinal  cord 
is  removed,  as  in  chronic  myelitis,  certain  injuries  of  the  spine, 
and  in  atony  of  the  cord.  The  inability  to  pass  urine  is  here  due 
partly  to  paralysis  of  the  motor  nerves  of  the  bladder,  and  partly 
io  an  increased  reflectory  tone  of  the  urethral  muscles,  which 
close  up  the  orifice  of  the  bladder  and  do  not  allow  the  urine  to 
escape. 

3.  When  the  normal  excitability  of  the  motor  or  sentient  nerves 
of  the  Madder  is  pathologically  altered,  without  any  central  affec- 
tion being  present.  Most  cases  of  this  kind  originate  in  affections 
of  the  sentient,  not  of  the  motor,  nerves  of  the  bladder,  and  should 
therefore  be  looked  upon  as  instances  of  reflex  or  inhibitory 
paralysis.  This  occurs  after  instrumental  interference — such  as 
the  operation  of  lithotrity;  after  any  operations  for  piles,  but 
chiefly  where  the  actual  cautery  is  used ;  and  after  childbirth, 
owing  to  the  pressure  of  the  head  on  its  passage  through  the 
pelvis.  Local  paralysis  of  the  bladder  is  also  observed  after  the 
use  of  certain  drugs  which  have  a  special  influence  upon  the 
nerves  of  the  viscus,  such  as  belladonna  and  hyoscyamus. 

It  will  be  observed  that  I  do  not  include  under  the  headins:  of 
'  paralysis  of  the  bladder  '  cases  of  atony  of  the  viscus  from  over- 
distension. The  pathology  of  such  cases  is  quite  different.  They 
occur  either  in  consequence  of  some  organic  obstruction — such  as 
stricture  or  hypertrophied  prostrate,  preventing  the  complete 
emptying  of  the  bladder  ;  or  in  people  who,  on  a  single  occasion, 
or  habitually,  for  some  reason  or  another,  suppress  the  desire  to 
pass  urine.  In  such  cases,  the  muscular  fibres  of  the  bladder 
become  overstretched  and  lose  their  tone,  but  there  is  not  ne- 
cessarily any  failure  of  nervous  power  combined  with  this  ;  and 
it  is,  therefore,  preferable  to  avoid  the  term  '  paralysis  '  for  cases 
of  this  kind. 

The  treatment  of  paralysis  of  the  bladder  has  hitherto,  on  the 
whole,  been  unsatisfactory,  more  especially  that  of  the  first  two 
forms  of  the  disease,  where  the  aff"ection  is  owing  to  cerebral  or 


'662  ELECTEO-THEEAPEUTICS  chap.  y. 

spinal  miscliief.     The  remedies  most  Tisually  recommended  and 
employed  are  strycknia,  ergot  of  rye,  cantliarides,  arsenic,  iron, 
and  faradisation.     These  remedies  have,  no  doubt,  succeeded  in 
curing  or  improving  a  number  of  cases,  more  especially  of  the 
third   class;    but  they  have,  to  my  personal   knowledge,  often 
remained  ineffectual  even  in  sucli  patients,  and  rarely,  if  ever,  do 
any  good  in  the  cerebral  and  spinal  varieties  of  the  disease.     It 
is  especially  well  known  of  faradisation,  that  it  has  little  or  no 
therapeutic  influence  in  diseases  of  the  nervous  centres ;  and,  if 
employed  at  all  in  paralysis  of  the  bladder,  it  should  only  be  used 
in  the  local  and  reflex  or  inhibitory  form  of  the  disease.     Under 
these  circumstances  it   is  certainly  a  matter  of   congratulation 
that  we  possess  in  the  constant  galvanic  current  a  remedy  which, 
if  properly  applied,  appears  always  to  be  able  to  restore  the  in- 
fluence of  volition  over  the  bladder,  unless  actual  destruction  of 
the  nervous  m.atter  involved   should   have  taken  place.     Prom 
what  I  have  seen  of  its  effects  in  a  number  of,  at  first  sight,  tin- 
promising  cases,  I  have  no  hesitation  in  asserting  that,  both  in 
efficacy  and  quickness  of  action,  it  is  infinitely  superior  to  all 
other  remedies  which  are  generally  used  for  this  affection  ;  and. 
that,  where  there  is  a  physiological  possibility  of  restoring  the 
voluntary  action  of  the  viscus,  we  shall  be  able  to  effect  it  by  the 
aid  of  the  constant  current. 

The  mode  of  using  this  >agent  is  of  considerable  importance. 
Experience  has  shown  me  that  it  is  oieither  necessary  nor  expe- 
dient to  apply  the  current  directly  to  the  tissue  of  the  bladder 
itself,  as  we  might  do  by  means  of  an  insulated  sound,  with  a 
free  metallic  knob,  introdnced  into  that  organ.  Direct  galvani- 
sation of  the  full  bladder  is  objectionable,  because  a  powerful 
chemical  decomposition  of  the  urine  is  the  consequence  of  sueh 
a  proceeding,  giving  rise  to  symptoms  of  fainting,  owing  to  the 
su^dden  distension  of  the  viscus  by  the  gases  which  are  set  free  ; 
while  direct  galvanisation  of  the  empty  bladder  appears  to 
produce  an  irritating  effect  upon  its  mucous  membrane.  External 
galvanisation  produces  none  of  these  inconveniences,  and  is 
thoroughly  effective,  so  that  it  should  in  all  cases  be  employed  in 
lieu  of  direct  internal  galvanisation. 

The  position  of  the  electrodes  should  vary  according  to  the 
seat  of  the  affection.  Where  we  have  reason  to  believe  that  it 
is  due  to  disease  involving  the  pedunculus  cerebri,  one  director 
connected  with  the  negative  pole  should  be  placed  to  the  back  of 
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the  head,  and  another  connected  with  the  positive  pole  ahove  the 
OS  pubis.  The  latter. electrode  should  have  a  large  surface.  In 
cases  of  disease  of  the  lumbar  portion  of  the  spinal  cord,  the 
negative  pole  is  placed  to  the  lower  part  of  the  lumbar  spine, 
and  the  positive  in  the  same  position  as  above.  Finally,  in  local 
paralysis  of  the  bladder,  we  may  either  use  the  same  arrangement 
of  the  electrodes  as  in  spinal  disease,  or  both  directors  may  be 
placed  above  the  os  pubis. 

How  long  should  the  application  of  the  current  be  continued  ? 
and  should  it  be  intermittent  or  continuative  ?  The  intermittent 
application,  according  to  my  experience,  is  far  superior  to  the 
continuative — a  fact  which  is  in  perfect  consonance  with  the 
results  obtained  by  the  same  method  in  other  forms  of  paralysis. 
Fifty  or  sixty  intermittences  of  the  current  are  sufficient  for  one 
application.  I  am  in  the  habit  of  leaving  the  positive  pole  in  situ, 
and  of  removing  the  negative  every  three  or  four  seconds,  putting 
it  on  again  immediately  afterwards.  The  whole  time  of  applica- 
tion in  such  cases,  therefore,  does  not  exceed  three  or  four 
minutes. 

The  current  used  must  have  a  certain  tension ;  for,  if  it  be 
feeble,  no  result  is  produced.  I  have  in  most  cases  used  fifty  or 
sixty  cells  of  Daniell's  or  Smee's  battery  ;  but,  in  the  cerebral 
form  of  the  disease,  less  power  may  be  employed. 

I  now  proceed  to  narrate  a  few  cases  illustrative  of  the  dif- 
ferent varieties  of  paralysis  of  the  bladder,  and  their  treatment 
by  the  constant  current. 

Case  64. — Hysterical  Paralysis  of  the  Bladder. — A  married 
lady,  aged  32,  of  highly  nervous  constitution,  who  had  lived 
much  in  the  tropics,  was  sent  to  me  by  Dr.  Frank  in  July  1870. 
She  had  been  very  delicate  as  a  child,  and  her  mother  had  died 
of  phthisis.  Family  troubles  thoroughly  upset  a  system  naturally 
predisposed  to  nervous  disturbances,  and  in  which  only  some 
powerful  exciting  cause  was  required  for  the  full  development  of 
hysteria.  Early  in  1870,  when  she  was  under  the  care  of  Dr. 
Siordet,  of  Mentone,  the  patient  had  cataleptiform  seizures,  and 
convulsive  attacks  resembling  opisthotonus.  She  soon  after  lost 
her  voice,  and  the  power  of  walking  and  of  voiding  the  urine. 
From  March  6th,  until  the  time  she  came  under  my  care,  the 
catheter  had  to  be  introduced  twice  daily.  This  was  a  cause 
of  great  annoyance,  for  it  became  necessaiy  that  the  patient 
should,  even  in  her  travels,  merely- on  account  of  this  symptom. 
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be  constantly  accompanied  by  a  medical  man  able  to  give  relief 
to  the  bladder.     The  nrine  in  this  case  was  quite  normal. 

Galvanisation  of  the  cervical  sympathetic  and  the  spinal  cord 
was  resorted  to  in  this  patient  for  producing  a  beneficial  modifi- 
cation of  the  constitution  of  the  nervous  system.  A  current  of 
fifty  cells  was  also  applied  to  the  bladder  on  two  several  occa- 
sions (July  30  and  31).  After  the  first  such  application,  the 
patient  passed  her  urine  in  a  feeble  stream,  and  with  a  certain 
amount  of  pain  and  straining ;  after  the  second  application  she 
could  pass  it  freely,  and  had  fully  retained  the  power  of  doing 
so  when  I  last  heard  of  her,  ten  months  later  (May  1871). 

Case  65. — Paralysis  of  the  Bladder  from  Disease  of  the  Lumbar 
Portion  of  the  Spinal  Cord. — A  gentleman,  aged  46,  married,  of 
spare  habit,  and  without  regular  occupation,  was  in  his  usual 
health  in  Summer  1870,  when  he  went  for  change  of  air  to 
Blankenberghe,  near  Ostend.  He  took  a  most  active  part  in  all 
the  gaieties  which  were  going  on  there,  and,  amongst  other  things 
danced  all  the  dances  every  night  at  the  casino,  which  he  had  not 
done  for  many  years  past.  After  this  kind  of  life  had  gone  on  for 
about  a  month,  he  suddenly  lost  the  power  over  the  bladder,  being 
altogether  unable  to  void  his  urine,  so  that  the  use  of  the  cathe- 
ter became  necessary.  Soon  after  he  also  lost  to  a  great  extent 
the  power  over  the  lower  extremities,  so  that  he  was  unable  to 
walk  for  more  than  a  few  minutes  at  a  time ;  and  he  began  to 
suffer  from  obstinate  constipation.  Symptoms  of  catarrh  of  the 
bladdernowlikewise  made  their  appearance.  The  patient  consulted 
a  number  of  eminent  physicians  and  surgeons,  both  in  Germany 
and  England,  who  treated  him  with  iron,  nux  vomica,  arsenic, 
ergot  of  rye,  and  various  other  medicines,  but  without  beneficial 
result ;  and  he  came  under  my  care  in  March  1871. 

The  symptoms  had,  on  the  whole,  not  varied  much  since  their 
first  appearance,  but  the  catarrh  of  the  bladder  was  now  rather 
worse  than  before.  The  specific  gravity  of  the  urine  was  1"025  ; 
it  had  a  very  feebly  acid  reaction,  and  readily  turned  ammoniacal 
on  standing  ;  it  contained  a  large  quantity  of  muco-pus.  There 
were  occasional  attacks  of  great  irritability  of  the  bladder,  at- 
tended with  chilliness,  chiefly  at  night.  He  introduced  the  cathe- 
ter three  times  daily,  and  when  the  bladder  was  irritable,  as 
many  as  six  times  ;  and  he  never  passed  his  urine  in  the  natural 
way.  Digestion  was  impaired,  flatulency  complained  of,  and 
the  action  of  the  bowels  was  sluggish  and  uncomfortable.     The 
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patient  was  in  a  most  desponding  state  of  mind,  and  almost 
despaired  of  recovery.  He  was  treated  with  galvanisation  of  the 
lumbar  spine,  and  of  the  bladder.  After  the  second  application 
he  could  pass  his  urine  freely  by  himself,  and  only  introduced  the 
(»theter  at  bedtime,  in  order  to  make  sure  that  the  bladder  was 
completely  emptied.  At  first  he  generally  found  about  eight 
ounces  of  urine  in  the  bladder ;  but,  as  the  treatment  proceeded, 
the  quantity  drawn  ofi"  at  night  became  reduced  to  two  or  three 
ounces,  showing  that  the  expulsive  power  of  the  viscus  became 
more  and  more  strengthened.  The  patient  likewise  underwent 
medicinal  treatment  for  the  catarrh  of  the  bladder,  and  peri- 
pheral galvanisation  was  used  for  the  lower  extremities  and  the 
rectum :  but  it  would  be  foreign  to  my  purpose  to  enter  at 
length  into  these  matters.  SufiB.ce  it  to  say  that,  when  he  dis- 
continued the  treatment  in  June  last,  the  expulsive  power  of 
the  bladder  was  all  that  could  be  desired  ;  that  the  action  of 
the  bowels  was  much  easier,  and  that  he  could  walk  some  miles 
at  a  time  without  fatigue.  The  urine  still  contained  muco-pus, 
but  not  nearly  as  much  as  before,  and  its  reaction  was  now 
strongly  acid. 

Mr.  Taylor,^  of  Anerley,  has  recorded  a  case  of  paralysis  of  the 
female  bladder  after  forceps  delivery,  and  in  which  the  ordinary 
remedies  had  been  used  without  any  effect.  He  then  introduced 
an  insulated  electrode  into  the  bladder  after  the  organ  had  been 
emptied,  and  applied  faradisation.  As  two  such  applications, 
however,  produced  only  little  effect,  he  next  faradised  the  full 
bladder,  when,  under  the  influence  of  the  electric  current,  the 
organ  forced  the  urine  out  by  the  side  of  the  instrument,  and  on 
the  same  day  the  patient  was  able  to  pass  urine  voluntarily. 
Faradisation  was  repeated  once  more,  after  which  the  patient  had 
regained  the  full  control  over  the  bladder. 

In  atony  of  the  bladder  from  over-distension,  faradisation  of 
the  full  bladder  by  a  single  vesical  electrode  is  probably  the 
most  successful  treatment. 

Galvanic  dissolution  of  urinary  calculi  has  been  proposed  as 
far  back  as  1801  by  M.  Bouvier  de  Mortier.  In  1803,  Mon- 
giardini  and  Lando,  and  in  1813  Gruithuisen  again  recom- 
mended it  for  such  purposes,  but  it  was  only  in  1823  that  the 
first  successful  experiments  on  this  subject  were  made,  by  Messrs. 
Prevost  and  Dumas.  ^     They  determined  to  destroy  the  state  of 

"The  Lancet.     Vol.  i.     February  1868. 

^  Annales  de  Chimie  et  de  Physique.     Paris,  1823.     Vol.  xxiii.  p.  202. 
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aggregatioB  by  which  the  molecules  of  the  calculus  are  bound 
together ;  for  they  argued  that,  if  once  it  was  made  friable,  it 
would  easily  pass  out.  They  did  not  therefore,  subject  the  cal- 
culus to  direct  chemical  dissolution,  but  utilised  the  mechanical 
action  of  torrents  of  gases  in  order  to  alter  its  texture,  and 
reduce  it  to  a  fine  powder.  They  first  submitted  a  fusible 
human  calculus  to  the  action  of  a  voltaic  pile  of  120  pairs,  for 
twelve  hours  consecutively.  The  pile  was  recharged  every  hour. 
Platinum  wires  serving  as  electrodes  were  placed  at  two  opposite 
points  of  the  calculus,  which  was  immersed  in  a  vessel  filled  with 
water.  After  a  time  a  fine  powder  was  precipitated.  At  the 
commencement  of  the  experiment  the  calculus  weighed  92  grains, 
and  at  the  end  of  it  only  80.  After  having  been  subjected  once 
more  to  the  action  of  the  pile  for  sixteen  hours,  the  calculus 
became  so  friable  that  the  slightest  pressure  reduced  it  to  small 
crystalline  grains  ;  the  largest  fragments  were  scarcely  the  size 
of  a  lentil,  and  the  canal  of  the  urethra  would  not  therefore  have 
opposed  their  exit.  Prevost  and  Dumas  made  a  similar  experi- 
ment on  a  living  bitch.  A  fusible  calculus  fixed  upon  a  sound 
was  introduced  into  the  bladder  of  the  animal,  and  the  electrodes 
so  arranged  that  they  touched  the  calculus  on  opposite  points. 
Warm  water  having  been  injected  into  the  bladder,  the  electrodes 
were  connected  with  the  poles  of  the  pile.  The  calculus  was  left 
for  an  hour  in  this  state,  and  when  taken  out  showed  unequivocal 
signs  of  decomposition.  The  same  process  was  repeated  every 
morning  and  evening  for  an  hour  each  time,  on  six  successive 
days ;  after  which  the  stone  was  so  friable  that  the  experiment 
could  not  be  continued.  A  few  days  afterwards  the  bitch  was 
killed  and  the  bladder  examined ;  it  was  then  observed  that  its 
tissue  had  in  no  way  been  injured  by  the  operation. (?)  'No  human 
being  could  possibly  undergo  what  this  poor  bitch  underwent, 
without  being  killed  by  the  eflTects  of  the  inflammation  which 
must  necessarily  follow  such  a  proceeding. 

In  1835  M.  Bonnet,  of  Lyons,  ^  succeeded  in  dissolving  calculi 
by  the  chemical  action  of  the  voltaic  pile.  He  placed  different 
calculi  between  platinum  electrodes  immersed  in  a  solution  of  a 
drachm  of  nitrate  of  potash  in  four  ounces  of  water,  and  dissolved 
them  by  directing  a  continuous  current  to  their  texture.  Stones 
of  oxalatate  of  lime  were  the  only  ones  which  resisted  the  action 
of  the  current,  while  calculi  of  every  other  description  were   dis- 

*  Bibliotheque  universelle  de  Geneve,  1835.     Vol.  Iviii.  p.  391. 
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solved  more  or  less  rapidly.  The  point  which  M.  Bonnet  thinks 
he  has  established  is,  that  we  may  convey  to  the  stone  acids  and 
alkalies,  merely  by  the  electro- chemical  decomposition  of  a 
saline  solution,  without  these  powerful  substances  being  diffused 
in  the  urine  contained  in  the  bladder.  Most  urinary  calculi  may 
be  dissolved  either  by  nitric  acid  or  by  potash  ;  but  these  sub- 
stances cannot  be  introduced  into  the  bladder  without  cauterising 
its  tissue.  If,  however,  a  solution  of  a  neutral  salt,  such  as 
nitre,  be  injected  into  the  bladder  containing  the  calculus,  and 
the  electrodes  connected  with  the  poles  of  the  pile  are  made  to 
touch  opposite  surfaces  of  the  stone,  M.  Bonnet  argues  that  the 
solution  of  nitre  is  decomposed,  nitric  acid  being  attracted  in 
very  small  quantities  to  the  positive  pole,  and  potash  to  the  ne- 
gative pole.  One  of  the  sides  of  the  calculus  would  therefore 
be  subjected  to  the  action  of  nitric  acid,  and  the  other  to  that  of 
caustic  potash.  A  stone  composed  of  phosphates  would  be 
dissolved  on  the  acid  side,  and  one  consisting  of  uric  acid,  or  urate 
of  ammonia,  on  the  alkaline  side.  But  while  this  process  of  dis- 
solution is  going  on,  the  calculus  and  the  mucous  membrane  of 
the  bladder  would  be  in  contact  with  the  neutral  solution. 
Such  reasoning  is  evidently  that  of  a  special  pleader,  because  if 
a  calculus  of  uric  acid  were  to  neutralise  all  the  free  potash, 
what  would  become  of  the  nitric  acid  ?  It  is  evident  that  this 
would  accumulate  in  constantly  increasing  quantities  as  the  action 
of  the  current  went  on,  and  would  do  fearful  mischief  to  the  tissues 
of  the  bladder.  M.  Bonnet  has  evidently  not  seen  this,  but  argues 
that  if  the  action  of  the  current  be  kept  up,  the  electrode  would 
gradually  penetrate  to  the  interior  of  the  stone,  but  always  on 
one  side  only.  In  this  way  stones  of  phosphate  of  ammonia  and 
magnesia,  phosphate  of  lime,  ammonia,  and  magnesia,  urate  of 
ammonia. and  uric  acid,  would  be  dissolved.  If  the  texture  of 
the  stone  be  very  dense,  the  solution  would  be  confined  to  the 
point  touched  by  the  electrode,  but  if  the  stone  be  formed  of 
layers  which  are  only  feebly  connected  with  each  other  (as  is  the 
case  with  such  of  urate  of  ammonia,  and  triple  phosphates),  or 
if  it  be  porous,  when  formed  of  phosphate  of  ammonia  and 
magnesia,  the  calculus  would  soon  become  friable,  and  the  layers 
separated  from  each  other.  The  dissolved  part  would  not  remain 
in  solution  in  the  liquid,  but  be  precipitated  in  the  bladder  as  a 
fine  powder  of  subphosphate,  or  of  uric  acid. 

In  the  course  of  his  experiments,  M.  Bonnet  several  times 
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daanged  the  saline  solution  in  which  the  calculi  were  immersed, 
using  the  phosphate,  the  hydrochlorate,  and  the  borate  of  soda, 
and  the  fluate  of  potash,  instead  of  nitre  ;  but  he  found  that  none 
of  these  salts  had  such  a  general  and  powerful  action  as  the 
nitrate  of  potash. 

Similar  experiments  were  made  in  1853,  by  Dr.  Bence  Jones, ^ 
who  confirmed  nearly  all  the  results  previously  obtained  by 
M.  Bonnet,  and  found  that  calculi  of  oxalate  of  lime,  which  had 
been  pronounced  indissoluble  by  M.  Bonnet,  could  be  dissolved, 
although  only  slowly. 

The  only  author  who  aflBrms  having  dissolved  calculi  in  the 
human  bladder  by  galvanism,  is  Dr.  Melicher,^  of  Vienna.  But 
as  he  has  not  described  the  instruments  used,  nor  given  his  cases 
in  full  detail,  his  statements  are  devoid  of  value. 

The  mechanical  effect  of  electric  discharges  has  also  been 
recommended  for  disintegrating  calculi.  It  is  well  known  that 
electricity  of  high  tension  is  able  to  destroy  the  molecular  struc- 
ture of  imperfect  conductors  ;  thus  lightning  will  break  and 
pulverise  stones,  panes  of  glass,  and  other  similar  bodies  which 
it  cannot  traverse  without  destroying  them.  Proceeding  from 
these  facts  Mr.  Robinson  has  endeavoured  to  reduce  stones  to  a 
fine  powder  by  discharging  a  Leyden  jar  through  them,  and  has 
succeeded  in  pulverising  phosphatic,  mulberry,  and  lithic  acid 
calculi,  which  were  previously  placed  in  a  bladder  or  in  vessels  of 
glass  or  earthenware  filled  with  water.  N"o  effect  was  produced 
if  the  surrounding  medium  was  air.  He  recommends  the  intro- 
duction of  two  conducting  wires  by  means  of  an  elastic  catheter 
into  the  bladder,  the  wires  being  connected  separately  with  the 
inner  and  the  outer  coating  of  the  jar,  and  their  free  extremities 
being  separated  in  order  to  grasp  the  stone.  The  consequences  may 
be  imagined.  It  is  hardly  necessary  to  say  that  electricity  or 
galvanism  will  never  supersede  lithotrity  for  the  treatment  of 
small  stones,  nor  lithotomy  for  that  of  large  ones. 

XIX.— DISEASES  OF  THE  MALE   ORGANS   OF 
GENERATION. 

Impotency  has  often  been  electrically  treated.     Dr.  "Westring,^ 
a  Swedish  physician,  has  recorded  the  case  of  a  man,  aged  36, 

»  Philosoph.  Transactions,  1853,  p.  201. 

^  Oesterreichische  medicinische  Jahrbiicher,  1841,  p.  153. 

*  Journal  du  galranisme  et  de  la  vaccine,  1803.    Vol.  i.  p.  297. 
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who  had.  become  impotent  in  consequence  of  debauchery;  erection 
was  imperfect,  ejaculation  took  place  too  quickly,  and.  without 
any  pleasurable  sensation.  The  patient  was  treated  with  the 
continuous  current  applied  by  means  of  metallic  conduct  ors,  and 
had  within  a  fortnight  quite  regained  his  virile  power.  M.  Stac- 
quez^  cured  a  case  of  impotency  by  shocks  from  a  Leyden  jar ; 
his  patient  was  an  officer,  aged  35,  who  had  been  impotent  for 
several  years.  M.  Duchenne^  has  been  successful  with  faradisa- 
tion of  the  testicles  and  spermatic  cord ;  and  M.  Schultz  ^  and 
M.  Roubaud  ■*  have  likewise  seen  good  results  from  the  galvanic 
treatment  of  such  cases. 

Want  of  erectile  poiver  is  a  frequent  cause  of  impotency,  and 
curable  by  electricity,  unless  it  is  caused  by  malformation  or 
other  serious  pathological  changes  in  the  male  organ.  In  such 
cases  faradisation  of  the  ischio-cavernosus  and  bulbo-cavernosus 
muscles,  which  preside  over  erection,  is  useful.  The  same  applica- 
tion may  be  resorted  to  in  cases  of  sexual  hypochondriasis,  where 
patients,  for  some  reason  or  another,  imagine  that  they  are  impo- 
tent, but  where  virile  power  is  not  really  impaired.  In  anaesthesia 
of  the  skin  of  the  sexual  organs,  faradisation  of  the  skin  of  the 
organs  may  be  resorted  to. 

Case  Q6. — In  June  1858,  Mr.  Curling  sent  to  me  a  gentleman, 
aged  26,  who  had  completely  lost  his  virile  power  after  gonorrhoea, 
for  the  cure  of  which  he  had  been  advised  to  make  caustic 
injections.  Faradisation  of  the  ischio-cavernosus  and  bulbo- 
cavernosus  muscle,  and  of  the  penis,  restored  his  energy  in  a 
short  time.  The  power  was  subsequently  lost  again,  but  returned 
for  good  after  a  second  course  of  faradisation,  in  August  1859. 

Where  impotency  is  caused  by  general  malnutrition,  diabetes, 
syphilis,  lead-poisoning,  or  the  habitual  use  of  opium  and 
hasheesh,  excessive  tea  or  coffee -drinking,  by  over-study  and 
similar  causes,  a  general  treatment  should  be  combined  with  the 
application  of  electricity.  In  such  cases  the  production  of  cat- 
electrotonus  of  the  lumbar  portion  of  the  cord,  together  with 
galvanisation  of  the  penis  and  testicles  is  superior  to  faradisation. 
Where  the  virile  power  is  lost  from  disease  of  the  spinal  cord, 
galvanisation  of  the  cord  may  restore  the  sexual  energy,  without 

^  Archives  beiges  de  medecine  militaire,  1849. 
2  De  I'electrisation  localisee,  etc.,  p.  764. 
'  Wiener  medizin.  Wochenschrift,  1857,  No.  10. 

*  Traite  de  I'impuissance  et  de  la  sterilite  chez  Thomme  et  chez  la  femme. 
Paris,  1855.     Vol.  ii.  p.  685. 
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any  local  application  to  the  organs  themselves  having  been 
made. 

Mr.  Curling  '  has  shown  that  there  may  be  capacity  for  sexual 
intercourse,  but  at  the  same  time  inability  to  procreate,  or  sterility; 
and  that  this  inability  in  man  arises  from  malposition  of  the 
testicles,  obstruction  of  the  excretory  ducts  of  the  testicle,  impedi- 
ments to  the  escape  of  the  seminal  fluid,  and  aspermatism. 

Whether  deficient  secretion  of  semen  may  be  improved  or 
cured  by  electricity  is  at  present  not  known.  It  does  not  appear 
impossible  that  it  should  be  so,  for  electricity  has  considerable 
eS'ects  in  rousing  the  activity  of  the  vaso-motor  and  secretory 
nerves  in  general.  By  electrifying  the  skin,  we  may  produce 
erythema  and  papular  eraptions  ;  in  cases  of  amenorrhoea  elec- 
tricity is  often  instrumental  in  restoring  menstruation ;  in  para- 
lysed limbs  which  have  been  cold  and  flabby,  a  proper  degree  of 
animal  heat  may  be  induced  by  galvanisation  or  faradisation  ;  a 
deficient  secretion  of  cerumen  may  be  increased,  and  lacteal 
secretion  in  women  after  parturition  may  be  excited ;  and  the 
secretion  of  tears,  of  nasal  mucus,  and  of  saliva,  is  likewise 
stimulated  by  the  application  of  electricity.  It  therefore  appears, 
a  priori,  not  unreasonable  to  expect  that  the  secretion  of  semen 
may  be  restored  or  improved  by  galvanising  the  spermatic  nerves 
or  the  testicles  ;  provided,  of  course,  that  the  want  of  secretion  is 
due  to  paralysis  of  the  secretory  nerves  of  these  organs,  and  not 
to  the  results  of  inflammation,  cancer,  tubercle,  or  other  patho- 
logical processes  which  destroy  the  texture  of  the  testicles,  and 
therefore  render  secretion  impossible.  Observations  on  this 
point  are  as  yet  wanting,  but  in  the  absence  of  other  remedies 
for  the  condition  just  mentioned,  electricity,  and  more  especially 
the  constant  current,  deserve  a  trial. 

Spermatorrlioea  may  occur  both  during  sleep  and  in  the  day- 
time, and  is  generally  the  consequence  '  of  the  passions  being 
excited  without  an  opportunity  being  afibrded  for  their  gratifica- 
tion.'^ In  nine  cases  out  of  ten,  spermatorrhcea  comes  on  after 
masturbation  has  been  practised  for  some  time,  and  constitutes  a 
very  troublesome  complaint,  which  is  generally  attended  by 
symptoms  pointing  to  a  profound  disturbance  of  the  central 
nervous   system.     Mr.   Curling  recommends  the   application  of 

'  A  Practical  Treatise  on  the  Diseases  of  the  Testes,  and  of  the  Spermatic 
Cord  and  Scrotum.     London,  1866.     Third  edition,  p.  433. 
-  Curling,  loc.  cit.  p.  453. 
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nitrate  of  silver  to  the  prostatic  portion  of  tlie  urethra,  in  those 
cases  which  do  not  get  well  by  a  constitutional  treatment,  and 
the  occasional  introduction  of  bougies ;  and  his  success  appears 
to  have  been  marked.  Galvanisation  of  the  prostatic  portion  of 
the  urethra  (p.  344)  may  likewise  be  employed.  It  has  the 
advantage  that  it  can  be  readily  adapted  to  the  special  sensibility 
of  each  patient,  and  that  it  causes  no  distress  during  or  after  the 
application,  if  this  be  judiciously  performed. 

Case  67. — A  gentleman,  aged  26,  consulted  me  in  January 
1868.  He  had  been  in  good  health  until  he  began  to  masturbate 
five  years  ago,  which  habit  he  had  continued  for  three  or  four 
years.  Within  the  last  three  years  he  had  suffered  from  very 
frequent  seminal  emissions  at  night,  in  consequence  of  which  his 
general  health  had  suffered  considerably  ;  at  present  not  a  single 
night  passed  without  an  emission,  and  there  were  sometimes 
three  in  one  night.  The  memory  was  bad,  the  patient  felt  unable 
to  work,  and  complained  of  heaviness  about  the  head,  great  des- 
pondency, and  pain  and  weakness  in  the  back.  I  prescribed 
mineral  acids,  and  applied  the  cathode  of  fifteen  cells  for  two 
minutes  to  the  veru  montanum  by  means  of  an  insulated  metallic 
conductor,  the  anode  being  placed  to  the  perineum.  Gralvanism. 
was  afterwards  applied  to  the  parts  externally,  three  times  a 
week.  The  patient  now  had  no  emission  for  fifteen  nights 
consecutively.  He  had  one  in  the  sixteenth  night,  and  galvanisa- 
tion of  the  urethra  was  then  repeated.  After  this  he  went 
sixteen  nights  until  he  had  another  emission  ;  and  the  one  he  had 
then  was  the  last  he  had  while  he  continued  under  my  care  (three 
months).  His  general  health  had  at  the  same  time  become  much 
better,  and  the  despondency  of  mind  had  given  place  to  his  natural 
cheerfulness. 

Dr.  Ruschenberger,  of  the  United  States'  N^avy,  Prof.  Petrequin 
and  M.  Scoutetten,  have  cured  obstinate  cases  of  hydrocele  by 
galvano-puncture,  both  electrodes  being  introduced  into  the  sac. 
Dr.  Lehmann  and  M.  Tripier  have  used  farado-puncture,  and 
have  also  been  satisfied  with  the  result.  Dr.  Friedlaender  of 
Vienna,  and  Dr.  H.  Campbell,  have  successfully  used  the  method 
first  recommended  by  me,  viz,  to  direct  the  negative  pole  only  to 
the  liquid,  and  to  place  the  positive  outside.  Two  needles  and 
fifteen,  or  twenty  cells  appear  to  be  generally  suflB.cient.  Care 
should  be  taken  that  the  points  of  the  needles  should  project 
into  the  fluid,  as,  if  they  were  merely  passed  into  the  subcu- 


672  ELECTKO-THEEAPEUTICS  chap.  v. 

taneous  cellular  tissue,  or  the  tunica  dartos,  the  current  would 
only  act  upon  these  membranes,  but  not  upon  the  liquid  accumu- 
lated in  the  sac  of  the  tunica  vaginalis. 

The  following  is  one  of  Dr.  Campbell's  cases  : — 
'  R.  M.,  £et.  42  years,  came  under  treatment  on  Il^ovember 
20,  1870.  He  had  been  troubled  with  chronic  orchitis  and 
hydrocele  on  the  left  side  for  upwards  of  fourteen  years  ;  the 
former  was  the  result  of  a  blow,  and  had  gone  on  until  the 
testicle  was  now  about  three  times  its  original  size.  The  latter 
had  been  frequently  emptied  by  tapping,  and  usually  filled  again 
in  a  few  weeks.  On  examination  the  left  side  of  the  scrotum  was 
found  to  offer  the  usual  appearances  of  hydrocele ;  the  testicle 
was  pressed  up  against  the  left  abdominal  ring,  and  could  be 
easily  felt  in  that  position.  At  a  rough  guess  the  sac  might  be 
estimated  to  contain  about  thirty  ounces  of  serum.  Before  pro- 
ceeding to  electrolysis,  I  felt  disposed  to  draw  off  some  of  the 
fluid,  but  on  second  thoughts  concluded  it  would  be  better  to 
allow  it  to  remain,  so  as  more  fully  to  test  the  power  of  the 
electric  current,  and  also,  by  the  distension  of  the  sac  with  its 
full  amount  of  liquid,  allow  the  whole  of  the  secreting  surfaces  of 
the  sac  to  be  exposed  to  the  same  action. 

'  I  accordingly  introduced  .three  gilt  steel  needles,  each  two 
inches  long,  into  the  sac,  and  connected  them  by  means  of 
Dr.  Althaus'  '  serres  fines '  conductor  with  the  negative  pole  of  a 
Foveaux's  battery.  The  circuit  was  completed  by  placing  the 
positive  electrode  in  the  groin  of  the  same  side.  A  power  of  ten 
cells  was  first  used,  as  the  patient  was  nervous  and  intolerant  of 
pain  ;  but  this  was  gradually  increased  to  twenty  cells,  as  he 
became  convinced  it  did  not  hurt  him.  The  current  was  allowed 
to  pass  for  fifteen  minutes,  during  which  time,  by  aid  of  the 
stethoscope,  a  well-marked  crackling  could  be  heard  in  the 
hydrocele,  evidently  marking  the  evolution  of  hydrogen,  and 
proving  that  the  electrolytic  action  of  the  current  was  going  on 
freely, 

'  On  withdrawing  the  needles  no  bleeding  occurred,  and  beyond 
a  slight  puffiness  no  change  was  perceptible  externally.  He  was 
seen  again  on  the  23rd.  By  that  time  the  swelling  was  entirely 
gone,  the  sac  was  quite  empty,  no  inflammation  had  come  on, 
and  the  cedema,  which  always  follows  acupuncture  in  the  usual 

^  Loc.  cit.  p.  19. 
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mauner,  Imd  been  entirely  wanting.     In  fact,  no  unpleasantness 
of  any  kind  had  followed  the  operation. 

'  He  was  seen  occasionally  after  this,  bnt  nothing  worthy  of 
note  occurred  except  that  we  could  observe  the  left  testicle  was 
gradually  lessening  in  size.  On  February  5  following,  after' 
a  most  careful  examination,  no  trace  of  the  hydrocele  could  be 
discovered.  The  left  testicle  was  reduced  to  its  normal  size,  and 
the  scrotum  was  of  the  usual  healthy  appearance.  More  than  a 
year  having  now  elapsed  without  the  least  symptom  of  return, 
we  may  reasonably  assume  that  the  cure  is  radical.  One  very 
important  conclusion  may  be  drawn  from  this  case — viz.  that 
electrolysis  not  only  decomposes  the  contents  of  a  serous  sac,  but 
produces  such  a  profound  alteration  in  the  nutrition  of  its  secret- 
ing surfaces  that  no  further  serum  is  poured  out.  I  had  not 
anticipated  any  alteration  in  the  enlarged  testicle,  but  the 
absorption  of  the  products  of  inflammation  in  its  parenchyma  is 
another  noteworthy  circumstance,  more  especially  as  chronic 
orchitis  usually  leads  to  degeneration  of  the  substance  of  the 
gland  itself.  I  have  seen  this  patient  as  recently  as  December 
21,  1871,  and,  after  a  most  careful  examination,  can  discover  no 
trac^  of  the  disease.' 


XX.— DISEASES   OF  THE   FEMALE    ORGANS    OF 
GENERATION. 

Electricity  has  been  frequently  employed  for  the  cure  of 
amenorrhoea,  and  generally  with  satisfactory  results.  Dr. 
Grolding  Bird'  expresses  his  belief  that  it  is  the  only  really  direct 
emmenagogue  we  possess,  and  that  it  always  excites  menstruation 
where  the  uterus  is  capable  of  performing  this  function.  It  is 
singular  to  find  Dr.  Wilks^^  stating  just  the  reverse.  There  is, 
however,  no  doubt  that  every  form  of  electricity  has  an  almost 
specific  stimulating  influence  upon  the  vasomotor  nerves  of  the 
ovaries  and  the  uterus.  Dr.  Bird  has  cured  twenty  out  of 
twenty-four  cases  of  amenorrhoea,  by  the  application  of  static 
electricity.  The  mode  in  which  he  applied  it  was  to  transmit  a 
dozen  shocks  from  an  electric  jar  holding  about  a  pint  through 
the   pelvis,   one  conductor  being  placed  over  the   lumbo-sacral 

'  Lectures  on  Electricity  and  Galvanism  in  their  Physiological  and  Thera- 
peutical Eelations.     London  Medical  Gazette,  1847,  p.  705. 
2  British  Medical  Journal.     January  1873. 
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region,  and  tlie  other  just  above  the  os  pubis.  Cases  of  ame- 
norrhoea  cured  by  the  application  of  the  continuous  current 
have  been  recorded  by  Drs.  Westring  and  de  Molle ;  and  Sir 
James  Simpson  has  seen  good  results  from  the  use  of  his 
intra-uterine  galvanic  pessaries,  which  are  composed  of  copper  and 
zinc.  The  induced  current  has  proved  beneficial  in  the  hands  of 
Duchenne,  Schulz,  Baierlacher,  and  my  own.  Even  a  lightning 
stroke  has,  according  to  Dr.  Le  Conte,-^  broiight  back  the  men- 
strual function  in  a  negress  seventy  years  of  age,  in  a  plantation 
in  Georgia :  in  this  person  the  period  had  ceased  for  more  than 
twenty  years  ;  but  after  she  had  been  struck  by  lightning,  the 
menses  were  completely  re-established,  and  continued  with  the 
Titmost  regularity  for  more  than  a  year  after  the  accident ;  at  the 
same  time  the  mammfe  had  become  enlarged. 

Electricity  is  especially  valuable  as  an  emmenagogue  in  young 
women,  where  the  menstrual  function  has  not  yet  been  fully 
established  in  consequence  of  a  torpid  state  of  the  vasomotor 
nerves  of  the  ovaries  and  uterus  ;  and  also  when  the  catamenia 
have  been  lost,  after  labour,  or  in  consequence  of  a  chill,  or  an 
emotion.  Where  amenorrhoea  is  caused  by  structural  diseases  of 
the  ovaries  and  the  uterus,  the  prognosis  is  unfavourable. 

I  have  taken  some  trouble  to  determine  the  most  effectual  way 
of  administering  electricity  in  amenorrhoea.  Duchenne  has  re- 
commended faradisation  of  the  womb,  which  is  certainly  effec- 
tive, but  not  applicable  to  unmarried  women.  Experience  has 
shown  me  that  in  many  cases  the  catamenia  are  brought  on, 
whatever  part  of  the  body  may  have  been  faradised  ;  but  that  the 
most  effectual  way  after  faradisation  of  the  womb  is  to  applj^  one 
electrode  to  the  abdominal  parietes,  and  the  other  to  the  lumbar 
spine.  It  has  frequently  happened  in  cases  under  my  care  that 
the  catamenia  appeared  after  one  or  a  few  applications,  when  the 
faradic  treatment  was  employed  for  an  entirely  different  com- 
plaint. Thus,  for  instance,  in  a  lady  suffering  from  aphonia,  I 
guided  a  mild  current  along  the  course  of  the  recurrent  nerve  ; 
a  few  hours  afterwards  the  catemenia,  which  had  not  been  ex- 
pected for  a  week,  appeared.  In  another  lady  I  faradised  the 
drum  of  the  ear  for  nervous  deafness  and  noises  in  the  head ; 
soon  after  the  operation,  the  patient  '  felt  a  general  sensation 
throughout  her  body,'  and  the  courses,  which  had  before  been 
lardy  in  their  appearance,  came  on  a  week  too  soon. 

'  New  York  Journal  of  Medicine,  1844. 
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I  subjoin  a  case  of  amenorrlioea  wliicli  presenio  some  interest 
partly  on  account  of  the  advanced  age  of  the  patient,  and  partly 
because  electricity  was  not  used  with  the  intention  of  efiectino-  a 
return  of  menstruation  :  — 

Case  68. — A  married  woman,  set  48,  was  admitted  as  an  out- 
patient at  the  infirmary  for  epilepsy  and  paralysis,  under  my 
care,  on  May  5,  1866.  Sis  years  ago  she  had  a  paralytic  stroke 
which  took  away  the  use  of  the  left  side.  She  was  then  so  ill 
for  three  months  that  her  life  was  despaired  of.  She  had  had 
many  miscan'iages,  and  several  children,  but  none  of  them  were 
now  living.  Shortly  before  she  had  had  the  attack,  the  courses 
left  her,  at  42  years  of  age  ;  when  she  first  missed  them,  she 
had  a  great  deal  of  pain  in  the  back,  and  suffered  from  sick 
headache.  She  had  never  seen  a  sign  of  them  since.  She  had 
now  neai4y  recovered  the  use  of  the  arm,  but  there  was  almost 
complete  an^thesia  of  the  left  leg  from  the  knee  downwards, 
and  walking  was  very  ti"oublesome.  I  farad ised  the  skin  of  the 
antesthetic  leg  ;  and  after  this  had  been  done  seven  times,  the 
patient  informed  me  that  she  had  been  very  much  astonished  by 
the  period  having  returned.  It  came  twice  more,  at  a  month's 
interval  each  time,  after  which  I  lost  sight  of  her. 

On  the  whole  galvanisation  is  more  effective  than  faradisation 
in  amenorrhoea.  A  powerful  current  should  be  sent  from  the 
mons  Veneris  to  the  lumbar  spine  for  fifteen  to  twenty  minutes 
consecutively. 

Chronic  Metritis. — French  surgeons  frequently  employ  fara- 
disation in  inflammatory  conditions  of  the  womb  ;  and  to  M. 
Tripier^  great  merit  is  due  for  having  improved  the  method  of 
applying  electi'icity  in  such  cases  (p.  426).  Messrs.  Beau  and 
Fano  have  been  equally  successful  with  the  faradic  treatment  of 
uterine  disease  as  M.  Tripier  ;  but  English  obstetricians  are  as  yet 
singularly  reluctant  to  employ  it. 

The  influence  of  faradisation  in  uterine  disease  may  be  under- 
stood by  considering  the  mintite  anatomical  structure  of  the  womb 
and  its  appendages,  and  the  pathological  nature  of  the  principal 
diseases  to  which  this  organ  is  liable.  The  substance  of  the 
uterus  consists  of  three  different  layers  of  organic  muscular 
fibre-cells,  which  are  intimately  connected  with  one  another,  and 
pervaded  by  a  considerable  mass  of  nucleated  connective  tissue, 
with  which  the  muscular  fibres  are  so  interlaced  that  it  is  almost 
impossible  to  isolate  the  several. structural  elements.     The  broad 

'  Manuel  d'Electrotherapie.     Paris,  1861,  p.  548. 
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ligaments  by  whicli  the  uterus  is  kept  in  its  proper  position 
contain  a  continuation  of  these  muscular  fibres.  Now,  the  chief 
morbid  changes  which  occur  in  the  tissue  of  the  uterus  and 
broad  ligaments  consist  of  atrophy  of  the  contractile  fibres,  with 
eifusions,  and  relative  or  absolute  increase  of  connective  tissue  ; 
and  faradisation  acts  beneficially  by  inducing  contractions  of  the 
muscular  fibres  and  strengthening  their  tone,  while  at  the  same 
time  it  promotes  the  absorption  of  eflPusions,  and  checks  the 
undue  proliferation  of  connective  tissue. 

Chronic  inflammation  occurs  after  child-birth,  repeated  mis- 
carriages, and  mechanical  injury  to  the  parts,  or  from  disturb- 
ances of  the  abdominal  circulation,  cold,  mental  emotions, 
sedentary  habits,  habitual  constipation,  and  excessive  sexual 
indulgence.  Its  chief  anatomical  feature  consists,  according  to 
Scanzoni,  of  an  excessive  growth  of  connective  tissue,  which  is 
formed  by  the  organisation  of  the  lymph  effused  between  the 
muscular  fibres  of  the  womb,  causing  compression  or  even  obli- 
teration of  the  blood-vessels  in  some  parts,  and  dilatation  of  the 
same  in  others. 

Enlargement  of  the  uterias  without  inflammation  occurs  after 
child-birth,  in  consequence  of  defective  involution  of  that  organ, 
and  its  symptoms  are  similar  to  those  which  are  due  to  true 
chronic  inflammation,  viz.  a  sensation  of  weight,  fulness,  and 
dragging  about  the  pelvis.  Standing  and  walking  are  shunned, 
and  if  a  little  more  exercise  than  usual  is  taken,  severe  pain  is 
felt  in  the  hypogastrium,  the  inguinal  and  sacral  regions.  The 
cafamenia  are  mostly  scanty, .  irregular,  and  painful ;  a  leucor- 
rhoeal  discharge  is  either  permanently  present,  or  occurs  a  few 
days  previous  to  the  period.  Digestion  is  tardy  and  imperfect, 
there  is  frequently  sickness,  habitual  constipation,  and  tenesmus 
about  the  bladder  and  rectum,  and  ansemia  and  a  weak  and 
irritable  condition  of  the  nervous  system  follow  in  due  course. 

Dr.  G.  Murray'  has  used  Sir  J.  Simpson's  galvanic  pessaries 
for  the  relief  and  cure  of  sub-involution  of  the  uterus,  where 
the  organ  is  heavy,  larger  than  natural,  and  flabby  to  the  touch  ; 
the  OS  uteri  open,  or  readily  admitting  the  point  of  the  fore- 
finger ;  the  anterior,  posterior,  or  both  lips  thickened  or  elon- 
gated ;  and  where  there  is  an  offensive  discharge  from  the  cavity 
of  the  womb,  and  an  excess  of  menstrual  flow.  In  one  case  of 
this  kind,  where  the  organ  was  also  retro  verted,  and  Hodge's 

1  The  Lancet,  vol.  ii.  1868. 
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pessary  had  failed  to  remedy  the  diseased  condition,  Dr.  Murray 
succeeded,  by  the  introduction  of  the  galvanic  pessary,  in  reduc- 
ing, in  the  course  of  a  fortnight,  the  large  flabby  uterus  nearly 
to  its  normal  and  healthy  condition. 

Lisplacements  of  the  Womh  are  generally  treated  by  the  intro- 
duction of  the  uterine  sound  ;  but  the  result  is  often  unsatis- 
factory, as  the  sound  cannot  always  remain  in  the  organ,  and  the 
moment  it  is  withdrawn  the  body  of  the  uterus  falls  back  into 
its  old  position.  The  plan  of  introducing  pessaries  for  rectifying 
the  position  of  the  uterus  was  a  considerable  improvement,  as 
they  not  merely  give  mechanical  support,  but  also  tend  to  alter 
the  tissue  of  the  womb,  so  as  to  make  it  contract.  Yet 
pessaries  frequently  give  rise  to  irritation,  which  is  chiefly  due  to 
the  difficulty  experienced  in  adapting  a  really  well-fitting 
pessary  to  the  individual  case,  and  to  the  mischief  which  results 
if  the  pessary  does  not  fit.  The  annoyance  caused  to  the  patient 
by  wearing  a  pessary  is  also  considerable  ;  so  that,  if  more  ex- 
tended experience  should  prove  that  faradisation  is  of  substantial 
value  in  these  conditions,  a  considerable  therapeutical  improve- 
ment would  be  effected. 

a.  Anteversion  and  Anteflexion  of  the  uterus  are  generally 
owing  to  prolonged  congestion,  or  the  presence  of  a  tumour,  and 
connected  with  engorgement  or  hypertrophy  of  the  anterior  wall 
of  the  uterus.  Such  displacements  are  a  frequent  cause  of 
sterility,  for  in  250  cases  of  sterility  observed  by  Dr.  Marion 
Sims  no  less  than  103  patients  had  anteversion.  If  faradisation 
be  used  in  such  cases,  we  ought  to  act  chiefly  on  the  posterior 
portion  of  the  wonab,  the  positive  electrode  being  introduced  into 
the  vagina,  and  the  negative  into  the  rectum.  The  latter  should 
be  moved  about,  during  the  application,  so  as  to  increase  its 
exciting  efiect  on  the  contractile  substance  of  the  womb. 

h.  Hetroversion  and  Retroflexion  occur  chiefly  after  labour  or 
miscarriages,  when  the  uterus  is  large  and  lax,  and  its  ligaments 
longer  than  usual,  and  it  is  therefore  easily  twisted  and  dis- 
placed. It  may  also  occur  where  menstruation  has  been  unusually 
profuse,  and  the  womb  enlarged  and  congested  from  other  causes. 
For  these  cases  M.  Tripier  recommends  first  to  introduce  an  air- 
pessary  into  the  rectum,  in  order  to  raise  the  fundus  uteri,  and  then 
to  put  the  negative  electrode  to  the  os,  and  the  positive  into  the 
bladder  ;  or  instead  of  this  a  moistened  sponge-conductor  may 
be   placed  to   the  abdominal   parietes.       In   unmarried   women 
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M.  Tripier  recommends  to  have  one  electrode  in  tile  bladder,  and 
a  bifurcated  sponge-conductor  for  both  iliac  regions. 

c.  In  Prolajpsus  of  the  Womb  bi-inguino-uterine  faradisation  is, 
according  tp  M.  Tripier,  a  useful  auxiliary,  although,  when  used 
alone,  not  able  to  cure  the  prolapsus. 

The  irritable  ovneimalgic  condition  of  the  uterus  occurs  without 


Fig.  147. — Faradisation  of  the  Posterior  Surface  of  the  Womb. 

displacement  or  inflammation,  and  is  generally  considered  in- 
curable. Patients  of  this  kind  live  on  their  sofa  for  years,  being 
compelled  to  assume  the  horziontal  position  by  a  constant  pain  in 
the  uterus,  which  becomes  worse  on  sitting  or  walking.  Fara- 
disation or  galvanisation  of  the  womb  would  probably  be  of  use 
in  this  tedious  afFection. 

r'aradisation  has  often  been   successfully  used  for  arresting 
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licemorrliage  from  the  uterus,  and  it  appears  certain  tliat  the 
organ  may  be  rapidly  and  thoroughly  contracted  by  it.  The 
ultimate  effect  must,  of  course,  depend  upon  the  cause  of  the 
disease,  which  has  to  be  treated  according  to  the  requirements  of 
each  individual  case. 

Stopioage  of  the  Lacteal  Secretion  occurs  after  parturition,  either 
from  a  sluggish  state  of  the  secretory  nerves  of  the  breasts  or 
from  malnutrition  and  atrophy  of  the  glands  ;  or  the  flow  may 
be  suppressed  through  fright  or  depressing  mental  emotions. 
Faradisation  of  the  mammae-  with  moistened  conductors  is  useful 
in  this  condition.  Messrs.  Aubert  and  Becquerel  were  the  first 
to  put  this  treatment  into  practice.  I  have  treated  several 
such  cases  with  good  results.  Dr.  Skinner,'  of  Liverpool,  has 
likewise  found  faradisation  beneficial  where  the  milk  was  ab- 
sent from  the  efiects  of  mammary  inflammation  or  abscess,  or 
where  it  had  been  inadvertently  stopped  by  the  administration 
of  astringents.     The  following  is  one  of  Dr.  Skinner's  cases  : — - 

In  August  1861  he  was  consulted  by  a  lady,  aged  3.6,  on  ac- 
count of  vaginal  irritation  and  other  morbid  syiuptoms  resulting 
from  anaemia.  The  lady  had  been  lately  confined  of  her  fifth 
child,  and  she  was  a,t  the  time  suckling  her  infant.  She  was 
ordered  moderate  doses  of  tincture  of  iron  thrice  daily,  but  this 
medication  was  followed,,  in  a.  few  days,  by  a  complete  stoppage 
of  the  milk  in  both  breasts.  The  right  breast  had  never  been 
used  for  suckling  since  an  attack  of  mammary  abscess  some  years 
before  and  he  therefore  faradised  only  the  left  breast.  At  the 
time  of  application  the  patient  felt  a  distinct  sensation  as  of  '  a 
rush  of  milk  to  the  breast.'  Qn  the  16th  she  reported  that 
within  a  few  hours  of  the  faradisation  a  copious  supply  of  milk 
was  established  in  the  left  breast.  He  was  then  asked  by  the 
lady  if  he  cou.ld  do  any  good  to  the  breast  which  had  been 
so  long  useless  as  regards  the  function  of  lactation.  He  made 
the  attempt,  having  little  faith  in  the  wished-for  result,  but  was 
.agreeably  surprised  to  find  that,  after  two  sittings  of  little  more 
than  five  minutes  each,  the  right  breast  became  as  well  supplied 
with  milk  as  the  left. 

1  The  Galactagogue  Properties  of  Faradisation,  in  Transactions  of  tbo 
Obstetrical  Society  of  London,  1864. 
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XXI.— DISEASES  OF  THE  SiaN. 

Dr.  Beard  ^  has  used  his  proceeding  of  '  central  galvanisation  ' 
in  certain  diseases  of  the  skin,  such  as  prurigo,  eczema,  and  lichen, 
with  good  results,  without  an  application  to  the  diseased  sui"face. 
In  obstinate  cases  of  this  kind,  therefore,  which  do  not  yield  to 
other  treatment,  galvanisation  deserves  a  trial. 

XXII.— TUMOUES. 

Eour  different  methods  of  applying  electricity  have  been 
recommended  and  used  for  the  removal  of  tumours.  These  are 
faradisation  by  moistened  conductors  (Meyer) ;  the  galvanic 
cautery  (Heider  and  Middeldorpff)  ;  the  external  application  of 
galvanic  chains  (Maurice  Collis),  and  electrolysis  (the  Author). 

a.  Faradisation  by  moistened  cond%ictors  has,  in  the  hands  of 
Dr.  Moritz  Meyer,^  effected  a  considerable  reduction  of  glandular 
tumours  of  large  size,  and  in  which  surgical  operations  were 
inapplicable.  The  method  is,  however,  very  tedious,  as  hundreds 
of  applications  are  required  for  radically  influencing  the  nutrition 
of  the  tumour.  Farado-puncture  would  probably  be  somewhat 
quicker  in  its  action. 

One  of  Meyer's  cases  was  that  of  a  young  lady,  aged  25,  who 
suffered  from  a  tumour  on  the  right  side  of  the  neck,  which  had 
within  four  weeks  of  its  first  appearance  increased  so  rapidly, 
that  it  had  assumed  the  size  of  an  adult's  head.  Various  remedial 
measures  were  adopted,  such  as  the  internal  and  external  use  of 
iodine,  the  baths  of  Kreuznach,  &c.;  but  as  no  effect  was  produced, 
and  an  operation  was  inadmissible,  Professor  von  Langenbeck 
advised  the  use  of  electricity.  At  that  time  the  tumour  filled  up 
the  entire  space  between  the  lower  jaw,  the  mastoid  process  and 
the  linea  semicircularis  inferior  of  the  occiput ;  then  proceeded 
posteriorly  towards  the  vertebral  column,  which  was  displaced 
to  the  left  side  ;  terminated  anteriorly  in  the  middle  of  the  throat, 
and  reached  inferiorly  below  the  shoulder-blade,  the  movement 
of  the  latter  towards  the  spine  being  considerably  impeded.  The 
tumour  did  not  appear  to  adhere  to  the  bones,  but  was  excessively 
hard,  especially  in  its  lower  portion.     The  circumference  of  the 

'  Proceedings  of  the  Medical  Section  of  the  American  Medical  Association. 
New  York,  1873. 
^  Loc.  cit.  p.  407. 
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left  side  of  the  neck  was  six  inches,  and  that  of  the  right  side 
fourteen  inches.  The  .right  sterno-cleido-mastoid  mnscle  could 
not  be  made  out ;  the  clavicula  was  completely  covered  by  the 
tumour,  and  the  head  turned  towards  the  left  side,  lateral  motion 
towards  the  right  side  being  impossible.  The  induced  current 
was  now  sent  straight  through  the  tumour  by  means  of  metal 
plates  covered  with  moistened  sponge,  for  an  hour  or  an  hour 
and  a  half  each  time.  After  fifty-six  such  applications  the  bulk 
of  the  tumour  had  been  reduced  to  one-half  its  previous  size,  and 
the  upper  part  of  it  was  much  softer.  After  144  applications 
the  tumour  was  only  one-third  its  original  size.  The  circum- 
ference of  the  right  side  of  the  neck  was  then  only  ten  and  a 
half  inches.  The  sterno-cleido-mastoid  muscle  could  be  plainly 
felt,  the  head  was  straight  and  could  be  turned  slightly  towards 
the  right  side,  and  the  spine  was  no  longer  displaced  towards  the 
left.  Altogether  273  applications  were  made.  The  improvement 
was  steady,  but  did  not  progress,  when  the  treatment  was  inter- 
rupted. At  the  end  of  the  treatment  the  difference  in  the  cir- 
cumference of  the  two  sides  of  the  neck  was  only  two  inches,  and 
the  head  could  be  easily  turned  towards  the  right  side. 

h.  The  galvanic  cautery  is  a  most  powerful  agent,  by  means  of 
which  many  forms  of  tumour  may  be  rapidly  removed.  It  is 
chiefly  applicable  to  superficial  tumours,  such  as  usevus,  but  has 
the  disadvantage  of  generally  leaving  unsightly  scars. 

The  galvanic  cautery  has  been  used  in  different  ways  for  ngevus. 
For  pediculated  tumours  the  wire  loop  is  particularly  useful ; 
needles  are  introduced  through  the  base  of  the  tumour,  and  the 
wire  is  twisted  round  them.  In  other  cases  one  or  several 
platinum  wires  are  introduced  by  a  needle  through  the  tumour, 
and  the  wires  are  then  rendered  incandescent  (setaceum 
candens).  These  wires  should  be  left  in  the  wound  until  sup- 
puration has  supervened,  and  they  can  be  easily  withdrawn,  as 
otherwise  bleeding  might  come  on.  The  porcelain  cauteriser 
may  also  be  used. 

Dr.  Maas  ^  has  collected  130  cases  of  nsevus  treated  in  this 
manner,  most  of  which  were  operated  upon  by  Professor  Middel- 
dorpflF,  of  Breslau,  and  in  which  the  loop  was  used  39  times,  the 
setaceum  12,  the  porcelain  cauteriser  17,  and  other  forms  63 
times.  In  112  cases  there  was  a  complete  cure,  11  improved,  3 
died,  and  in  4  the  result  was  not  known.     In  4   cases  relapses 

*  Langenbeck's  Archiv  fiir  Chirurgie,  1871,  p.  520. 
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occurred ;  death  resulted  once  from  lisemorrhage  which  was  not 
noticed,  and  once  from  trismus  and  tetanus. 

The  average  duration  of  the  treatment  was  not  long  ;  in  many 
cases  the  eschar  began  to  separate  between  the  fifth  and  tenth 
days,  and  a  good  cicatrix  was  formed  under  it  without  perceptible 
suppuration.  Over  the  knife  the  cautery  has  the  advantage  of  no 
bleeding  and  no  reaction.  Injection  of  perchloride  of  iron  is  far 
more  dangerous.  According  to  Virchow  there  is  no  one  proceed- 
ing suitable  for  all  cases  of  angioma,  and  the  surgeon  will  there- 
fore have  to  choose  the  one  best  suited  for  each  individual  case. 

M.  Zielewicz  ^  has  collected  fifty  cases  of  amputation  of  the  penis 
by  the  galvanic  Avire  loop.  In  most  cases  the  operation  was  done 
for  cancer,  only  in  one  for  gangrene,  and  ouce  for  an  enormous 
papilloma  ;  eight  of  these  patients  died  of  pysemia.  The  danger 
lies  in  the  laxity  of  the  cellular  tissue  of  the  penis,  the  veins  of  the 
neck  of  the  bladder  and  the  prostate,  and  in  the  influence  of  nosoco- 
mial air.  In  private  cases  not  a  single  death  has  taken  place.  No 
heemorrhage  ever  occurred,  in  spite  of  numerous  introductions 
of  the  catheter  or  bougies.  There  was  no  surgical  fever  afterwards. 
Contraction  of  the  urethra  only  took  place  in  one  case,  and  then 
easily  yielded  to  the  use  of  bougies.  A  free  use  of  carbolic  acid 
would  probably  neutralise  the  influence  of  nosocomial  air  in  such 
cases. 

Dr.  Voltolini,  of  Breslau,^  was  the  first  to  use  the  galvanic  wire 
loop  for  the  removal  of  intra-laryngeal  tumour.  He  claims  for 
this  proceeding'  that  it  is  mild  and  painless,  and  that  there  is  no 
heemorrhage.  He  uses  a  platinum  wire,  which  is  so  fine  that  the 
patient  scarcely  perceives  the  introduction  of  the  instrument. 
The  fear  that  the  polypus  might  fall  into  the  trachea  he  thinks 
unfoiinded,  for  experience  shows  that  as  soon  as  these  growths 
are  burnt  off  they  are  thrown  out  by  cough.  But  even  if  they 
were  to  fall  into  the  bronchi  or  lungs,  he  does  not  think  that  this 
would  be  a  misfortune,  for  it  is  shown  that  foreign  bodies,  such 
as  beans,  peas,  &c.,  which  do  so,  do  not  kill  immediately, but  become 
dangerous  merely  by  giving  rise  to  secondary  symptoms.  This, 
he  argues,  would  scarcely  be  possible  through  a  polypus,  which 
would,  at  the  temperature  of  the  body,  no  doubt  soon  become 
putrid,  decomposed,  and  removed  by  absorption. 

For  cancer  of  the   tongue  the  galvanic  ecraseur  seems  to  be 

*  Langenbeck's  Archiv,  1871,  p-  589. 
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particularly  valuable.     Mr.  Erichsen^  has  used  it  in  a  consider- 
able number  of  cases  with  success.  One  of  them  is  the  following : — 
A  man,  aged  46,  three  months  ago  ran  against  a  door  in  the  dark 
with  a  pipe  in  his  mouth.     An  indolent  sore  was  the  result,  and 
this  finally  developed  malignant  tendencies.     His  previous  health 
had  been  good,  and  he  had  never  had  any  venereal  disease.     This 
last  fact  was  important ;  for  it  is  sometimes  very  diflBcult  to  dis- 
tinguish between  a  syphilitic  and  a  cancerous  iilcer  of  the  tongue, 
and  the  organ  has  certainly  been  excised  before  now  under  the 
idea  that  what  was  only  a  specific  ulcer  was  malignant   disease. 
In  this  case  the  disease  was  entirely  confined  to  one  lateral  half 
of  the  organ,  and  the  operation  Avas  performed  as  first  suggested 
by  Mr.  Furneaux  Jordan,  of  Birmingham.     He  first  divided  the 
cheek  for  about  two  inches  horizontally  backwards    from   the 
angle  of  the  mouth  ;  a  few  vessels  bled  freely,  and  had  to  be  liga- 
tured ;  he  then  divided  the  sublingual  folds,  and,  having  passed 
the  wire  of  the  galvanic  ecraseur  through  the  centre  of  the  tongue 
well  behind  the  diseased  part,  cut  slowly  through  the  organ  from 
behind  forwards  close  to  the  raphe  ;  he  then  cut  across  the  base 
of  the  diseased  half  from  within  outwards  in  the  same  manner, 
thus  removing  one  lateral  half  of  the  tongue.    -The  cut  through 
the  cheek  greatly  facilitated  the  later  stages  of  the  operation ; 
there  was  not  the  slightest  hgemorrhage,  but,  had  there  been  any, 
the  arteries  could  have  been  secured  with  perfect  ease.     Finally, 
the  cheek  was  brought  together  with  hare-lip  pins.     Mr.  Erichsen 
considers  the  galvanic  ecraseur  one  of  the  most  valuable  of  the 
modern  applications  of  j)hysical  science  to  medicine.     The   only 
point  is  to  avoid  undue  haste,  and'  to   screw  up  the  instrument 
slowly  in  proportion  to  the  vascularity  of  the  part  operated  on  ; 
hEemorrhage  can  thus  be  most  efiectually  prevented. 

The  following  case  of  epithelial  cancer  of  the  perineum  has  been 
recorded  by  Mr.  Bryant : — Eliza  L.,  aged  59,  was  admitted  into 
Guy's  Hospital,  under  the  care  of  Dr.  Oldham  and  Mr.  Bryant, 
with  an  epithelial  cancer  the  size  of  a  crown- piece  occupying 
the  perineum,  and  involving  the  anus  and  portion  of  the  recto 
vaginal  septum.  It  had  been  growing  for  two  years.  On  No- 
vember 13,  the  patient  being  under  the  influence  of  chloroform, 
Mr.  Bryant  isolated  the  base  of  the  growth  by  passing  three 
large  pins  beneath  it  into  the  healthy  tissues.  He  then  passed 
round  the  base  of  the  tumour  beneath  the  pins  a  strong  platinum 

'  British  Med.  Journal,  Feb.  15,  1873. 
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wire,  and  fixed  it  to  the  ecraseur,  screwing  it  home.  Junction 
was  then  made  with  the  galvanic  battery,  and  with  a  few  care- 
fully applied  screws  of  the  instrument  the  growth  was  removed, 
not  a  drop  of  blood  being  lost.  A  white,  ash-coloured  surface 
was  left.  Rapid  recovery  followed  the  operation,  the  patient 
leaving  the  hospital  well  on  December  15. 

The  removal  of  a  tumour  so  situated  with  the  knife  would  have 
been  very  difficult,  and  must  have  been  attended  with  severe  and 
troublesome  hemorrhage. 

The  same  surgeon  has  successfully  treated  a  spreading  htpus  of 
the  face,  by  the  cautery.  Eliza  T.,  aged  30,  came  under  Mr. 
Bryant's  care  with  a  spreading  lupus,  involving  the  whole  of 
the  nose  and  upper  lip.  It  had  existed  for  four  years,  and,  in 
spite  of  all  treatment,  had  steadily  progressed.  On  November  6, 
1868,  it  was  freely  cauterised.  By  the  19th  the  scab  was  coming 
away,  a  healing  surface  remaining.  On  the  26th  the  whole 
eschar  had  fallen  off",  and  the  wound  was  closing.  By  Dec.  8 
the  woman  was  well.  She  was  seen  on  April  10,  when  it  was 
difficult  to  make  out  the  seat  of  the  former  disease,  the  cicatrices 
being  indistinct  and  the  skin  natural. 

Some  surgeons  have  been  in  the  habit  of  using  the  galvanic 
cautery  just  like  the  knife  for  almost  all  operations.  Prof. 
Middeldorpff  has  amputated  the  thigh  with  it,  and  M.  Verneuil 
uses  it  for  tracheotomy.  These  are  instances  of  '  riding  a  hobby 
too  hard,'  and  are  sure  not  to  be  followed  by  the  majority  of  the 
surgical  profession. 

c.  External  Application  of  Galvanic  Chains. — The  late  Mr. 
Collis,  of  Dublin,  has  used  sniall  batteries  of  zinc  and  copper 
wire  wound  on  cylinders  or  plates  of  wood  covered  with  felt,  and 
rendered  active  by  immersions  in  a  weak  solution  of  sulphuric 
acid.  The  negative  pole  is  brought  into  contact  with  a  plate  of 
zinc,  copper,  or  silver  foil,  laid  over  the  tumour,  and  the  positive 
is  connected  with  a  plate  of  copper  laid  somewhere  on  the  general 
surface,  with  a  preference  to  the  spinal  region.  He  has  suc- 
ceeded, by  a  prolonged  application  of  these  chains,  in  removing 
or  considerably  reducing  glandular  and  some  other  kinds  of 
tumours. 

d.  Electrolysis. — The  electrolytic  treatment  appears  to  be  the 
most  universally  applicable  method  of  electrisation  for  the  cure 
of  tumours,  although  it  is  not  nearly  so  rapid  as  the  galvanic 
cautery,  especially  where  the  tumours  are  large.     Its  effects  are 
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essentially  slow  in  all  tumours  except  those  with  liquid  coutents, 
and  it  tends  rather  to  a  profound  modification  of  the  nutrition  of 
the  parts  involved  than  to  a  sudden  destruction  of  the  morbid 
growths.  Electrolysis  may  therefore  be  described  as  a  physiolo- 
gical rather  than  a  mechanical  remedy.  The  kinds  of  tumour  in 
which  electrolysis  has  hitherto  proved  chiefly  successful  are 
neevus,  bronchocele,  sebaceous  tumours,  hydatid  tumours  of  tho 
liver,  and  cancer. 

Case  69. — Kcbvus  of  the  Eye-lid ;  Electrolysis  ;  cure. 

In  July  1866  Mr.  White  Cooper  requested  me  to  see  with 
him  a  lady,  aged  28,  who  had  a  congenital  neevus  of  the  right 
lower  eyelid,  of  the  size  of  a  pea,  which  it  was  thought  desirable 
to  remove.  I  gave  the  opinion  that  this  might  be  safely  done  by 
electrolysis,  without  hEemorrhage,  and  without  subsequent  in- 
flammation, suppuration,  or  sloughing  ;  and  we  therefore  met  on 
July  23,  in  order  to  perform  the  operation.  As  the  patient  was 
of  a  highly  sensitive  constitution,  chloroform  was  administered 
by  Dr.  Allan,  of  Hyde  Park  Terrace,  the  ordinary  medical  atten- 
dant of  the  lady.  As  soon  as  she  was  fairly  under  the  influence 
of  it,  Mr.  White  Cooper  introduced  a  needle  connected  with  the 
negative  pole  of  ten  cells  of  the  battery  into  the  right  half  of 
the  tumour,  and  I  closed  the  circuit  by  placing  a  moistened 
electrode  connected  with  the  positive  pole  to  the  skin  of  the 
neck.  The  current  was  then  allowed  to  pass  for  two  minutes, 
after  which  the  needle  was  withdrawn.  Not  a  drop  of  blood 
was  lost  on  withdrawing  the  needle.  The  patient  recovered 
well  from  the  chloroform,  and  said  that  she  felt  no  pain  in  the 
part  that  had  been  operated  upon,  but  merely  a  slight  stiifness. 
The  right  half  of  the  tumour  appeared  shrank  and  shrivelled  up, 
while  the  left  half  had  not  been  altered  in  any  way.  This  was 
an  interesting  circumstance,  as  it  showed  that  even  in  so  small  a 
tumour  as  the  one  described  the  action  of  the  current  could  be 
limited  to  that  portion  of  it  which  was  in  contact  with  the  needle. 
We  met  again  on  July  26,  when  the  same  operation  was  per- 
formed on  the  other  half  of  the  tumour  ;  but  this  time  the 
patient  objected  to  the  use  of  chloroform,  and  bore  the  trifling 
pain  quite  well  without  it.  I  have  not  seen  the  patient  since  ; 
but  received  on   October  13   a  note  from   Dr.  Allan,  in  which 

he  expressed  himself  as  follows  :  —  'Mrs.  is  in  the  country, 

but   last   time    I   heard   from    her    she    said    that    the   nasvus 
had    disappeared.     A   dozen    years  ago    I  wished   it   to  be  re- 
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moved ;  but  no  one  would  do  it,  and  the  able  and  esteemed 
oculist  whom  she  then  consulted  deprecated  all  interference.  At 
length  I  persuaded  her  to  have  another  opinion  (that  of  Mr. 
White  Cooper).  The  result  was  your  employment  of  galvanism, 
with  the  happy  effect  of  complete  obliteration  of  the  evil.' 

Case  70. — JSfcevus  of  the  Orhit ;  Electrolysis;  cure. 

A  male  child,  aged  7  months,  was  sent  to  me  by  Dr.  Schulhoff 
in  December  1867  with  a  congenital  nsevus  at  the  angle  of  the 
right  eye,  part  of  it  being  intra-orbital.  It  had  the  size  of  an 
almond  and  was  highly  vascular.  When  the  child  was  five 
weeks  old  the  tumour  was  on  three  different  occasions  cauterised 
with  nitric  acid.  This  (according  to  the  parents)  only  took  the 
colour  out  of  it,  but  did  not  diminish  the  size  of  the  tumour. 
At  two  months  of  age  the  child  was  vaccinated  in  the  neevus, 
which  for  a  time  checked  its  growth  ;  but  it  soon  afterwards 
began  to  increase  again.  It  was  then  twice  more  cauterised  with 
nitric  acid ;  but  as  this  had  no  effect,  Mr.  Nunn,  who  was  then 
consulted,  advised  the  use  of  electrolysis.  After  five  applications 
the  tumour  seemed  entirely  destroyed,  and  a  scab  was  formed,  which 
came  off  within  two  weeks.  The  tumour  had  a  considerable  ten- 
dency to  reproduce  itself,  and  it  was  therefore  again  electrolysed 
from  time  to  time.  When  I  last  saw  the  child  (October  1869) 
no  trace  of  the  tumour  was  left,  but  only  a  slight  induration  of 
the  cellular  tissue,  for  the  removal  of  which  I  recommended  the 
application  of  the  tincture  of  iodine. 

The  following  case  of  erectile  tumour  has  been  electrolytically 
treated  by  Dr.  Lincoln,  of  New  York.^  '  The  patient  was  a  general 
ofiicer,  aged  33,  in  whom  the  swelling  seemed  to  come  on  after  a 
special  effort  in  public  speaking.  On  examination  eighteen  months 
afterwards  a  tumour  was  seen  occupying  the  antero-inferior 
portion  of  the  region  defined  by  the  sterno-cleido-mastoid  and 
trapezius  muscles  and  the  clavicle  of  the  left  side.  It  was  uni- 
formly rounded  in  shape,  two  inches  in  diameter,  and  at  its  apex 
rose  five-eighths  of  an  inch  above  the  natural  contour  of  the  neck. 
The  sterno-cleido-mastoid  muscle  was  more  prominent  on  this  side 
than  on  the  other,  and  the  trachea  was  displaced  one-half  of  an  inch 
to  the  right  of  the  median  line.  To  manipulation  the  tumour  was 
elastic  and  readily  compressible,  but  when  pressure  was  removed 

1  The  Medical  Record.     New  York,  1872,  p.  465. 
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it  immediately  resumed,  its  former  size  and  sliape.  It  possessed 
no  pulsation  of  its  own  ;  there  was  transmitted  pulsation  from  the 
carotid  beneath.  Pressure  applied  to  any  one  spot  would  neither 
increase  nor  diminish  its  size.  It  was  well  defined  superiorly  and 
posteriorly,  but  inferiorly  it  extended  somewhat  below  and 
behind  the  clavicle,  while  anteriorly  it  embraced  the  edge  of 
the  sterno-cleido-mastoid  at  its  lower  quarter.  The  integument 
was  of  normal  appearance,  and  entirely  fi'ee  from  the  tumour. 
During  the  act  of  swallowing  it  moved  synchronously  with  the 
trachea,  but  not  quite  to  the  same  extent.  The  whole  size  of  the 
growth  seemed  to  be  as  large  as  a  large  goose's  egg.  Anything 
that  interfered  with  the  circulation — as  indigestion,  emotions,  or 
exercise — increased  it  to  twice  its  usual  size.  If  the  patient  held 
his  breath  and  at  the  same  time  made  an  expulsive  effort,  the 
tumour  became  distended,  as  well  as  the  veins  of  the  neck  and 
face.  If  he  lay  with  his  face  down,  the  same  condition  was  ob- 
served. If  from  any  cause  the  size  of  the  growth  was  tem- 
porarily increased,  he  suffered  much  pain,  which  often  extended 
up  the  neck  and  to  the  head,  had  a  sense  of  suffocation,  and 
would  occasionally  lose  his  voice.  The  excitement  of  delivering 
an  address  induced  these  symptoms  to  such  a  degree  that  he  was 
forced  to  decline  every  effort  of  the  kind. 

'  The  growth  was  diagnosed  as  venous  erectile,  and  its  treatment 
by  electrolysis  recommended.  Dr.  W.  A.  Hammond  confirmed 
the  diagnosis,  and  approved  the  recommendation. 

'  September  30. — Dr.  Lincoln,  in  the  presence  of  Drs. 
Hammond,  Hackley,  and  Sass,  electrolysed  the  tumour.  The 
patient  was  put  under  the  influence  of  chloroform,  and  four 
gilt-steel  needles,  insulated  to  one-half  or  three-fourths  of  an 
inch  from  their  points,  were  then  introduced  into  the  four 
quarters  of  the  tumour,  the  two  upper  being  one  and  one-fourth 
inch  apart  and  one  inch  above  the  lower,  which  were  one  inch 
aDart.  The  two  inner  needles  were  connected  with  the  subdivided 
anode,  and  the  two  outer  with  the  subdivided  cathode,  and  ten 
cells  of  the  battery,  which  was  working  with  a  weak  current, 
were  used.  Gradually  the  power  of  the  battery  was  increased  to 
fifteen  cells.  At  the  expiration  of  fifteen  minutes  the  two  lower 
needles  were  disconnected,  so  that  the  whole  force  was  concen- 
trated upon  the  two  upper  ;  at  the  exjoiration  of  fifteen  minutes 
more  the  needles  were  removed.  During  the  operation  all  the  pro- 
minences of  the  tumour  disappeared,  and  a  delicate  examination 
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detected  a  bard  mass  in  its  place.  Xot  a  drop  of  blood  escaped 
on  the  removal  of  the  needles.  The  skin  over  the  tumour  pre- 
sented a  bright  blush,  and  the  trachea  had  returned  towards  its 
proper  position. 

'  Quiet  was  enjoined  upon  the  patient,  and  the  only  application 
was  a  cold-water  compress.  The  soreness,  which  was  consider- 
able after  the  operation,  had  so  far  passed  away  that  at  the  end 
of  three  days  he  was  walking  about  his  room,  and  on  the  fifth 
day  he  left  the  city,  relieved  from  all  unpleasant  symptoms  and 
feeling  quite  well.  The  neck  at  that  time  presented  no  tumour, 
and  the  trachea  was  in  its  normal  place. 

'  October  10. — Patient  presented  himself  for  examination. 
There  was  no  tendency  to  a  reappearance  of  the  tumour  ;  on  the 
contrary,  the  induration  in  the  neck  was  steadily  diminishing  in 
size. 

'  October  22. — The  following  is  an  extract  from  a  letter  re- 
ceived from  the  patient,  who  had  already  delivered  several 
addresses  :  .  .  .  .  'I  am  feeling  very  well,  and  there  is  nothing 
to  indicate  anything  like  a  recurrence  of  my  malady.' 

Prof.  Groh,^  of  Olmiitz,  has  treated  ten  cases  of  ngevus,  with  both 
poles  in  the  tumour.  They  were  all  cured,  and  he  thinks  electro- 
lysis, from  the  absence  of  danger  and  the  avoidance  of  bleeding 
and  disfigurement,  preferable  to  any  other  operation  hithei'to 
devised  for  n^vus. 

Case  71 . — Papillan/  Growth  in  the  Arm-pit ;  Electrolysis ;  cure. 

A  lady,  aged  27,  consulted  me  on  N'ovember  21,  1866,  on 
account  of  a  small  papillary  and  highly  vascular  growth  which 
had  first  appeared  in  the  axilla  since  the  commencement  of  1865, 
and  had  somewhat  rapidly  increased  in  size  during  the  last  few 
months.  It  was  one-third  of  an  inch  long,  and  one-fourth  of  an 
inch  wide  in  its  widest  part.  I  introduced  a  needle  connected 
with  fifteen  cells  of  the  battery  into  the  base  of  the  tumour,  and 
allowed  the  current  to  pass  for  three  minutes.  ISTo  chloroform 
or  ether  spray  was  used.  The  current  had  not  acted  many 
seconds  when  a  peculiar  change  was  observed  in  the  tumour, 
which  lost  its  flesh-colour  and  became  white,  as  if  it  had  been 
frozen.  When  the  needle  was  withdrawn,  circulation  in  the 
tumour   had   evidently   quite  ceased.     There  was   scarcely  any 

'  Die  Electrolyse  in  der  Chimrgie.     Wien,  1871. 
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pain  during  the  operation,  and  none  at  all  afterwards,  nor  was 
any  blood  lost. 

N'ovember  23. — Tumour  entirely  shrivelled  up,  looking  like  a 
thin  brown  leaf  adhering  to  the  skin.  The  operation  was  therefore 
not  repeated. 

December  20. — The  eschar  fell  off  about  a  week  after  the  opera- 
tion. There  is  now  no  sign  that  there  ever  was  a  tumour,  no 
scar  nor  even  redness  of  the  skin  being  perceptible. 

Case  72. — Sebaceous  Tumour  of  the  Nose;  Electrolysis  ;  cure, 

A  young  lady,  of  considerable  personal  attractions,  was  sent  to 
me  by  Mr.  White  Cooper,  in  April  1867,  for  a  sebaceous  tumour, 
which  she  had  on  the  right  side  of  the  nose,  near  the  eye,  and 
which  had  existed  for  the  last  three  years.  The  tumour  did  not 
give  rise  to  any  inconvenience,  but  spoilt  her  appearance,  and  she 
was  therefore  anxious  to  have  it  removed.  A  gentle  current  was 
used  four  times  within  ten  days,  after  which  the  tumour  had  dis- 
appeared. I  saw  this  lady  again  in  October  1867,  when  not  the 
slightest  scar,  or  redness  of  the  skin,  was  perceptible  on  the  place 
where  the  current  had  been  applied. 

For  goitre  (hroncliocele,  Derbyshire  nech)  the  electrolytic  treat- 
naent  is  also  most  valuable,  because  any  other  surgical  inter- 
ference with  such  tumours  is  so  dangerous  to  life  that  few 
surgeons  are  willing  to  operate.  In  most  of  the  cases  which  have 
been  under  my  care,  Mr.  Prescott  Hewett,  Sir  James  Paget, 
Sir  William  Pergusson,  Mr.  Cassar  Hawkins,  and  other  eminent 
surgeons,  had  been  previously  consulted,  and  pronounced  any  of 
the  ordinary  operations  to  be  inadmissible.  All  these  tumours 
were  solid,  and  of  very  large  size,  and  on  that  account  required  a 
long  continuance  of  the  treatment ;  but  I  believe  that  most  cases 
of  bronchocele,  however  large,  may  be  cured  by  electrolysis,  if 
the  treatment  be  persevered  in  for  a  sufficient  time.  The  cystic 
variety  is,  of  course,  much  more  rapidly  curable  by  it  than  the 
solid. 

Dr.  Morell  Mackenzie  has  given  me,  in  the  following  lines,  his 
experience  with  electrolysis  in  cases  of  goitre  : — 

'  I  have  used  electrolysis,  as  recommended  by  Dr.  Althaus,  in 
several  cases  of  goitre,  with  a  fair  amount  of  success.  In  one 
instance  in  particular  the  treatment  was  rapidly  followed  by  most 
satisfactory  results.     The  following  are  brief  notes  of  the  case, 

'  Adeiina  G.,  age  17,  a  native  of  Savoy,  came  under  my  care  at 
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the  Hospital  for  Diseases  of  the  Throat  on  June  14,  1867,  on 
account  of  a  goitre  which  had  been  coming  on  for  two  years. 
The  swelling  affected  both  lobes,  each  of  which  appeared  about 
as  large  as  a  moderate-sized  orange.  The  hypertrophied  tissue 
seemed  to  be  of  moderate  density,  uniformly  distribuled,  and  not 
nodular.  The  neck  measured  eighteen  inches  round,  when  the 
tape  was  carried  over  the  prominences  of  the  thyroid  gland. 

Treatment  by  electrolysis  was  at  once  commenced,  two  needles 
being  introduced  into  the  enlarged  lobes  and  kept  in  for  about 
ten  minutes.  This  operation  was  repeated  on  the  16th  and  again 
on  the  19th,  on  which  day  there  did  not  appear  to  be  any  change 
in  the  form  or  size  of  the  thyroid  glands.  On  the  22nd  the 
patient  was  seen  again,  and  as  she  stated  that  she  was  sure  that 
the  throat  was  much  smaller,  it  was  measured  and  found  to  be 
reduced  to  seventeen  inches.  The  reduction  had  principally  taken 
place  in  the  right  lobe.  A  week  later  the  left  side  was  much 
smaller,  the  throat  only  measuring  sixteen  and  a  quarter  inches. 
On  July  5  it  was  reduced  to  fifteen  and  a  half  inches,  and  on  July 
11  it  measured  only  fifteen  inches.  As  there  was  now  no  apparent 
enlargement,  the  treatment,  which  had  been  carried  out  for  less 
than  a  month,  was  discontinued.  The  patient  had  been  pre- 
viously treated  by  an  English  practitioner,  who  had  given  her 
medicine  and  tincture  of  iodine  to  apply  externally.  Neither  had 
done  her  any  good,  and  when  she  came  to  the  hospital,  treat- 
ment had  been  altogether  suspended  for  three  months.  During 
the  time  that  the  electrolytic  treatment  was  being  carried  out, 
no  other  remedies,  either  external  or  internal,  were  employed. 

'  So  remarkably  successful  was  the  treatment  that  an  Italian 
gentleman  well  acquainted  with  the  case  called  at  the  hospital 
some  months  afterwards,  in  order  to  procure  a  battery  of  the 
same  kind  for  use  in  the  village  in  Savoy,  whence  Adelina  G.  had 
come.  Although  he  informed  me  that  there  were  many  other 
similar  cases  in  the  same  village,  I  did  not  recommend  him  to 
nse  electrolysis  except  under  the  direction  of  a  medical  prac- 
titioner. 

*  In  several  other  cases  under  my  care,  benefit  resulted  from 
electrolysis.  In  one  very  dense  hypertrophy,  the  results  were 
negative.  I  consider  that  electrolysis  is  very  useful  in  cases  of 
m.oderate  duration — six  months  to  two  years — and  of  yielding 
consistence.' 

I  will  only  add  to  this  statement,  that  in  the  solid  variety  a 
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more  powerful  current  is  required  than  in  the  cystic  (viz.  from 
thirty  to  forty  cells  instead  of  ten  or  fifteen). 

Dr.  Wahltnch,^  of  Manchester,  has  treated  a  case  of  broncho- 
cele  snccessfully  by  electrolysis  and  the  subcutaneous  injection  of 
iodine.     '  The  patient  was  a  lady,  aged  27.     The  tumour  was   of 
the  size  of  a  hen's  egg,  and  had  existed  four  years.     Various 
means  had  been  tried  to  reduce  it,  without  effect.     The  electro- 
lytic treatment  was  begun  in  July  1869.   At  first  eight  Daniell's 
elements    were   used,    and   one    needle   inserted.      These   were 
gradually  increased  to  sixteen  elements  and   four  needles.      The 
operation  was   pei"formed   first   twice,   then   once    a   week,    till 
January  5,  1870 ;  in  all,  twenty-eight  times.     The  mode  of  ap- 
plication  was   to   insert  into  the  tumour   a   needle    connected 
with  the  negative  pole  of  Althaus'   permanent  battery,   and  to 
close  the  circuit  with  a   sponge  on  the  skin  from   the  positive 
pole.     The  current  was  kept  up  for  ten  minutes  at  first,  gradually 
increasing  to  sixty  minutes.     After  the  twenty-fourth  application 
the  tumour  was  reduced  to  the  size  of  a  hazel-nut,  and  then  re- 
mained stationary.     The  treatment  was  therefore  suspended  for 
a  time,  and  then  iodine  was  injected,  the  quantity  and  strength 
being  gradually  increased.    From  February  to  July  Dr.  Wahltuch 
operated  sixteen  times ;  and  at  the  latter  date  the  tumour  had 
disappeared.     In  September  there  was  no  recui-rence  of  it.' 
The  following  is  one  of  Drs.  Beard  and  Rockwell's  cases  : — 
'  L.  W.,  a  girl  aged  14  years,  first  observed  four  years  since  a 
slight  enlargement  of  the  thyroid  gland.     It  rapidly  increased  in 
size,  until  December   5,   1871,  when  she  presented  herself  for 
examination  ;  it  was  one  and  a  half  inch  in  depth,  and  bwo  inches 
in  width,  reaching  to  the  anterior  border  of  either  sterno-cleido 
mastoid  muscle.     The  mass  was  quite  movable,  and  did   not  in 
any  way  cause  inconvenience,  excepting  when  she  attempted  to 
sing.     Iodine,    both   internally  and    externally,    had  been   used 
without  appreciable  benefit.     For  the  first  two  months  localised 
external  galvanisation   repeated  twice  a  week  was  alone  tried, 
resulting  in  no  diminution  in  the  size  of  the  swelling,  but  in  a 
very  decided  alleviation  of  the  distressing  sensation  of  strangling, 
which  invariably  occurred  whenever  she  attempted  to  sing. 

'  Subsequently  electrolysis  was  used,  and  to  this  date  the  tumor 
has  steadily  decreased  in  size,  until  it  is  now  (June  1)  one-quarter 
its  original  size,  and  the  indications  are  that  it  will  entirely  disap- 

•  British  Medical  Journal,  Nov.  5,  1870. 
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pear.  The  needle  (a  small  glover's  needle),  has  been  introduced 
some  twenty  times,  but  as  the  pain  produced  is  very  slight  no 
chloroform  has  at  any  time  been  used.' 

Dr.  H.  Campbell  has  recorded  the  case  of  a  maiden  lady,  aged 
32  years,  a  native  of  Devonshire,  who  had  a  cystic  goitre  of 
considerable  size,  existing  for  about  ten  years.  It  had  been 
painted  on  various  occasions  with  iodine,  and  both  iodine  and 
bromine  had  been  taken  internally,  without  any  effect  being  pro- 
duced on  the  tumour.  He  passed,  on  September  8,  three  needles 
into  the  cyst,  and  applied  a  power  of  fifteen  cells  for  ten  minutes. 
This  was  repeated  on  the  15th,  and  by  the  30th  its  size  was  so 
reduced  as  to  make  it  scarcely  perceptible.  He  therefore  did 
not  continue  the  treatment.  On  I^ovember  2  he  examined  the 
patient,  and  beyond  a  slight  thickening  of  the  integuments  over 
the  original  seat  of  the  disease,  and  which  marked  the  position  of 
the  sac,  he  could  discover  no  trace  of  the  tumour.  A  year  later 
it  had  not  returned. 

Hydatid  Tumours  of  the  Liver. — Messrs.  Durham  ^  and  Cooper 
Forster  have,  at  Guy's  Hospital  and  the  Royal  Infirmary  for 
Children,  Waterloo  Road,  successfully  electrolysed  eight  large 
hydatid  tumours  of  the  liver.  In  one  patient,  who  was  under 
the  care  of  Dr.  Hilton  Pagge,  and  who  was  operated  upon  by 
Mr.  Durham,  in  June  1868,  the  dulness  in  the  hepatic  region 
measured  seven  inches  vertically,  the  ribs  on  that  side  were 
bulged,  and  the  intercostal  spaces  prominent.  Two  needles  were 
introduced  into  the  most  prominent  part  of  the  swelling,  one 
piercing  the  space  between  the  eighth  and  ninth  costal  cartilages, 
and  the  other  about  two  inches  behind  it,  between  the  ninth  and 
tenth  ribs.  The  needles  were  passed  into  a  depth  of  two  or  three 
inches.  One  of  them  was  then  evidently  free  in  fluid,  for  it 
could  be  moved  about  and  rubbed  against  the  other.  The 
posterior  needle  doubtless  passed  through  the  diaphragm,  as  it 
was  jerked  about  by  the  respiratory  movement.  Both  needles 
were  connected  with  the  negative  pole  of  ten  cells  of  the  battery, 
freshly  charged.  The  anode,  connected  with  a  moistened  con- 
ductpr,  was  placed  between  and  near  the  needles.  The  current 
■was  allowed  to  pass  for  twenty-five  minutes,  and  during  this  time 
there  was  a  crackling  feeling  under  the  finger,  as  of  emphysema, 
owing  to  the  development  of  hydrogen  from  the  liquid  of  the 
cyst.     After  the  operation  there  was  some   pain   for  four  or  five 

1  Medico- Chirurgical  Transactions,  London,  187 1,  p.  1. 
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hours.  In  tlie  evening  the  temperature  was  100'9°,  and  the 
patient  did  not  sleep  well  that  night.  Next  day  the  temperature 
was  99  "6°,  and  on  the  morning  after  it  had  risen  to  101'2°.  At 
this  time  the  hypochondriacal  tumour  had  greatly  disappeared, 
and  the  man  expressed  himself  as  feeling  quite  well.  On  exam- 
ining the  right  side  of  the  chest,  however,  Dr.  Fagge  was  a  little 
startled  at  finding  absolute  dulness  behind,  up  to  the  fourth  or  fifth 
dorsal  vertebra  ;  and  over  this  extent  of  thorax  there  was  loss  of 
vocal  vibration,  marked  tubular  respiration,  and  segophohic  cha- 
racter of  the  voice,  which  afforded  conclusive  evidence  of  a  large 
efi'usion  of  fluid.  There  was  very  slight  pain  about  the  points 
where  the  punctures  had  been  made,  but  no  pleuritic  pain.  The 
man  lay  on  his  back  and  felt  quite  comfortable.  The  liquid  had 
evidently  been  squeezed  through  the  puncture  in  the  diaphragm 
into  the  pleural  cavity.  The  man  went  on  perfectly  well,  and 
the  chest  symptoms  disappeared  rapidly.  Twenty  days  after 
all  traces  of  the  abdominal  tumour  had  disappeared. 

The  ease  with  which  this  patient  recovered  from  the  acci- 
dental effusion  of  decomposed  hydatid  liquid  into  the  pleural 
sac,  adds  one  to  the  many  instances  which  I  have  myself  ob- 
served of  the  extraordinary  tolerance  of  the  system  with  regard 
to  electrolytic  operations  in  which  only  the  negative  pole  is  em- 
ployed internally.  If  that  needle,  which  in  Dr.  Fagge' s  patient 
passed  through  the  diaphragm,  had  been  connected  with  the 
positive  pole,  the  life  of  the  patient  might  have  been  placed  in 
great  jeopardy,  as  it  would  have  introduced  irritant  metal  salts 
into  the  cavity  of  the  pleura. 

Mr.  Durham  and  Dr.  Hilton  Fagge  claim  for  the  electrolytic 
treatment  of  hydatid  cysts  of  the  liver  the  following  advantages  : 

1,  that  the  operation  itself  is  altogether  free  from  danger ;  and 

2,  that  it  is  not  liable  to  set  up  suppuration  within  the  cyst, 
and  thus  indirectly  to  involve  the  patient  in  serious  risk. 

How  does  electrolysis  act  in  such  cases  ?  It  appears  reason- 
able to  assume  that  the  decomposition  of  the  fluid  renders  this 
poisonous  to  the  parasite.  It  is  not  to  be  expected  that  a  crea- 
ture whose  normal  medium  is  a  solution  of  chloride  of  sodium, 
could  continue  to  live,  when  for  this  a  solution  of  caustic  soda 
has  been  substituted. 

It  is  advisable  to  use  two  needles  in  the  sac,  because  if  they 
can  be  made  to  rub  together,  it  shows  that  the  contents  of  the 
tumour    are    fluid;    besides   which    they    afford   an  increased 
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surface  for  the  electrolytic  action.  Tapping  is  followed  bj  sup- 
puration in  some  cases,  while  electrolysis  is  not.  The  opening 
made  by  a  trocar  is  larger  than  that  made  by  the  needle,  and 
may  allow  the  escape  of  scolices  into  the  peritoneum. 

Ovarian  Cysts. 

Dr.  Fieber,  of  Vienna,^  has  successfully  electrolysed  an  ovarian 
cyst  which  occurred  in  a  needlewoman,  aged  32.  The  patient 
had  had  a  bad  fall  in  November  1866 ;  she  suffered  from  vari- 
ous symptoms  afterwards,  and  first  noticed  a  tumour  the  size  of  a 
fist  in  January  1867.  When  she  came  under  treatment  in  June 
1870,  the  tumour  had  the  size  of  the  head  of  an  adult ;  it  was  not 
tender,  hard,  nodulated,  and  occupied  a  space  commencing  half 
an  inch  above  the  umbilicus,  and  ending  one  inch  above  the  os 
pubis ;  its  width  amounted  to  six  inches.  The  first  electrolytic 
operation  was  made  early  in  June,  and  it  was  repeated  eleven 
times.  At  first  the  tumour  decreased  only  slowly,  but  at  last 
rapidly.  In  March  1871  it  had  been  reduced  to  the  size  of  a 
fowl's  Qgg,  and  gave  no  inconvenience.  Dr.  Eieber  strongly  re- 
commends to  use  electrolysis  in  all  cases  of  ovarian  cysts  before 
resorting  to  ovariotomy.  We  think  that  in  unilocular  cysts  it 
might  supersede  the  latter,  while  in  the  multilocular  variety 
ovariotomy  would  always  be  preferable. 

Mr.  Callender  ^  has  used  the  same  treatment  in  a  case  of  re- 
current fibroid  disease,  in  a  patient  who,  in  December  1868,  first 
discovered  a  tumour  in  the  right  loin ;  a  year  later  it  was  re- 
moved by  Sir  James  Paget,  and  proved  to  be  a  recurrent  fibroid. 
After  nine  months  an  enormous  mass  was  again  cut  out.  Sis 
months  later  he  came  under  Mr.  Callender' s  care,  and  the  growth 
was  again  removed  ;  and  five  months  after  this  a  fourth  opera- 
tion was  required.  On  each  occasion  the  growth  had  attained  a 
great  size  ;  and  on  the  last  two  the  twelfth  rib  was  exposed,  and 
the  tumour  had  to  be  dissected  off  from  the  capsular  fat  of  the 
right  kidney.  Before  the  large  wound  from  the  last  operation 
had  closed,  one  or  two  isolated  nodules,  growing  up  in  the  granu- 
lating  surface,  made  their  appearance,  and  it  was  to  these  that 
the  electric  current  was  applied.  The  patient  was  fifty-one  years 
of  ag:e,  and  his  g-eneral  health  was  excellent.  Two  needles  were 
X  Bed ;  one,  from  the  positive  pole,  was  inserted  into  the  growth  ; 

*  "Wiener  medizin,  Presse,  1871.     No  15. 
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the  other,  connected  with  the  negative  pole,  was  applied  to  its 
surface.  The  operation  was  painless.  Some  immediate  slough- 
ing was  caused  about  the  track  of  the  first  needle,  twelve  cells 
having  been  used  for  six  minutes ;  but  in  the  course  of  a  few 
days,  and  after  a  repetition  of  the  operation,  the  entire  mass, 
about  the  size  of  a  marble,  seemed  to  melt  away  and  disappear. 
The  wound  has  since  healed  soundly  over  this  portion  of  the 
granulating  surface,  whilst  a  fresh  outbreak  of  the  tumour  at 
quite  another  part  of  the  wound  is  being  successfully  treated  on 
the  same  plan. 

In  some  other  cases,  treated,  by  the  same  surgeon,  the  effect 
was  not  so  marked,  or  altogether  negative ;  but  this  was  perhaps 
to  some  extent  due  to  the  treatment  not  having  been  carried  out 
systematically. 

Dr.  Holden,^  of  Larne,  has  treated  a  case  of  recurrent  fibroid 
tumour  in  a  young  woman  who  had,  two  years  before  he  saw  her, 
a  large  tumour  occupying  the  infraspinous  portion  of  the  scapula, 
which  was  at  that  time  removed  in  the  Belfast  Greneral  Hospital 
by  Dr.  Murnev,  and  found  to  be  recurrent  fibroid.  Its  reappear- 
ance commenced  above  the  scapular  spine,  gradually  spreading 
until  a  large  mass  filled  the  supraclavicular  space,  pressing  and  in- 
volving all  the  important  structures,  and  slowly  advancing  with 
fatal  grasp  on  the  trachea.  In  order  to  stay  or  divert  this  threaten- 
ing extension  of  the  tumour,  he  tried  electrolysis.  The  battery  used 
was  Smee's,  with  six  cells.  Into  the  substance  of  the  most  acces- 
sible portion,  and  close  to  the  trachea,  two  negative  and  two  posi- 
tive needles  were  introduced.  The  continuous  current  was  thus 
applied  for  a  quarter  of  an  hour,  sometimes  longer,  three  or  four 
times  a  week  for  a  month,  with  the  following  result.  The  part  of 
the  tumour  acted  on  had  certainly  paused  in  its  progress,  and 
even  diminished  in  its  size,  but  the  surrounding  portions  had  as 
decidedly  assumed  a  more  rapid  growth. 

On  this  case  we  should  remark  that  the  very  slight  power 
used,  viz,  six  cells  of  Smee's  battery,  could  not  be  expected  to 
have  a  very  decisive  influence  on  the  tumour,  unless  the  ap- 
plications had  been  very  much  longer,  say  12  or  24  hours  at 
a  time,  instead  of  fifteen  minutes ;  or  a  much  greater  galvanic 
power,  say  25  or  35  cells  of  Smee's,  should  have  been  used 
for  a  short  time.  We  can  therefore  attach  no  importance  to 
the  unsuccessful  result  of  the  treatment  in  this  case.     It  would 

1  British  MedicalJournal,  March  16,  1872.  '  . 
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likewise  be  most  difficult  to  decide  whether  the  more  rapid  growth 
which  was  observed  was  really  owing  to  the  influence  of  electro- 
lysis, or  whether  it  would  not  likewise  have  occurred  if  the 
tumour  had  not  been  interfered  with  at  all. 

Cancer. — In  my  paper  '  On  the  Electrolytic  Treatment  of  Tu- 
mours and  other  Surgical  Diseases  '  (1867),  I  expressed  myself 
as  follows  concerning  the  value  of  electrolysis  in  cancer  : — '  A 
larger  experience  than  I  command  at  present  is  necessary  to 
decide  the  question,  whether  the  electrolytic  treatment  will 
eventually  supersede  the  methods  now  in  use  for  the  removal  of 
cancer.  .  .  .  Electrolysis,  however,  may  be  applied  to  every 
variety  of  cancer,  and  it  seems  to  be  of  little  consequence 
whether  or  not  the  tumour  adheres  to  the  bones — a  circumstance 
which  often  renders  removal  by  the  knife  difficult  or  impossible, 
I  believe  that  in  this  disease  the  electrolytic  method  will  be 
found  generally  useful,  not  merely  by  removing  the  present 
tumours,  but  also  by  so  modifying  the  nutrition  of  the  parts  con- 
cerned that  no  relapse  is  likely  to  take  place  there ;  and  it  may 
thus  indirectly  help  towards  the  eradication  of  the  cancerous 
diathesis.  It  is  a  curious  fact  that  the  peculiar  lancinating 
pains  of  cancer  generally  seem  to  disappear,  or  at  least  to 
diminish  considerably,  soon  after  the  commencement  of  the 
electrolytic  treatment,  and  long  before  the  whole  tumour  has 
disappeared.' 

One  point  appears  already  settled  in  this  matter,  and  that  is, 
that  there  is  no  tetter  means  for  relieving  the  pain  of  cancer  than 
electrolysis,  which  appears  superior  in  this  respect  to  our  most 
approved  narcotics.  Observers  are  quite  unanimous  in  this 
particular.  Professor  Schwanda,i  of  Vienna,  has  treated  a  case 
of  cancer  of  the  breast,  in  which,  six  weeks  before  death,  the 
pain,  spasms,  and  sleeplessness  were  so  severe  as  to  defy  all  the 
usual  means  for  the  relief  of  those  symptoms.  The  patient  could 
not  rest  in  bed,  but  had  for  three  nights  and  days  been  without 
sleep,  and  '  contracted  with  pain.'  Professor  Braun,  under 
whose  care  the  patient  was,  then  advised  the  use  of  the  constant 
current,  and  after  two  applications  the  patient  felt  so  much  re- 
lieved that  she  could  assume  the  horizontal  position  in  bed  ;  the 
use  of  the  current  was  continued  up  to  the  time  of  her  death, 
and  was  the  only  thing  which  did  any  good. 

Mr.  Lawson  Tait^  has  recorded  a  case  of  encephaloid  cancer  of 

1  Zeitschrift  der  Wiener  Aerzte,  March  1869. 

^  Transactions  of  the  Clinical  Society  of  London,  1871,  p.  145. 
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the  femur  treated  by  electrolysis,  in  which  this  effect  of  the  treat- 
ment was  most  marked.  The  patient  generally  took  sixty  or  a 
hundred  grains  of  hydrate  of  chloral,  and  had  twenty-four  grains 
of  morphia  injected  subcutaneously  every  twenty-four  hours,  be- 
sides inhaling  chloroform  occasionally  ;  but  after  two  electrolytic 
applications  she  was  for  four  days  absolutely  free  from  pain,  and 
required  neither  opiate  nor  chloral.  During  that  time  it  was 
also  possible  to  lift  her  and  change  the  bed-linen  without  putting 
her  under  the  influence  of  chloroform,  which  had  not  been  done 
for  three  months  previous  to  the  application  of  the  current.  On 
the  fifth  day  the  pain  recurred  slightly,  and  required  the  ad- 
ministration of  sixty  grains  of  chloral.  Up  to  the  seventh  day  it 
grew  more  and  naore  severe,  and  then  the  electrolytic  application 
was  repeated,  after  which  she  was  free  from  pain  until  her  death. 
On  the  thirteenth  day  it  was  evident  that  she  was  sinking  from 
exhaustion  and  irritative  fever,  and  she  died  on  the  fourteenth, 
without  the  recurrence  of  the  pain. 

"With  regard  to  epithelioma,  there  is  considerable  evidence  that 
electrolysis,  with  both  poles  in  the  tumour,  is  able  to  eradicate 
the  same.  Prof.  Groh'  has  treated  eighteen  cases,  of  which 
thirteen  were  cured,  two  improved,  in  two  there  were  no  results, 
while  one  ended  fatally.  In  these  cases  he  thinks  it  necessary  to 
destroy  not  only  the  growth  itself,  but  also  its  next  neighbour- 
hood, in  order  to  avoid  subsequent  infection.  In  some  of  these 
cases,  only  one,  in  others  two  or  more  applications,  were  necessary. 
In  one  case  there  was  not  only  ulceration  of  the  lower  lip,  but 
also  of  the  whole  chin ;  the  corresponding  part  of  the  lower  jaw 
was  covered  with  detritus  ;  some  teeth  had  fallen  out,  and  those 
remaining  were  so  loose  that  they  could  be  extracted  by  the 
finger.  Both  submaxillary  glands  were  engorged.  Four  applica- 
tions were  sufficient  to  produce  destruction  of  the  tumour,  which 
was  followed  by  good  cicatrisation. 

Messrs.  Beard  and  Rockwell  ^  report  to  the  same  effect.  One 
of  their  cases  was  that  of  a  female  patient,  aged  65,  who 
noticed,  in  September  1871,  a  little  hard  lump,  the  size  of  a  pea, 
on  the  left  side  of  the  under  lip.  By  January  19,  1872,  it  had 
extended  from  the  angle  of  the  mouth  along  the  lip  to  the  median 
line.  The  surface  presented  a  warty  appearance,  was  exceedingly 
hard,  and  bled  readily.     Localized  galvanization  (external)  dissi- 

Loc.  cit. 
2  The  New  York  Medical  Kecord,  1872,  p.  292. 
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pated  almost  completely  the  excessive  pain  in  the  diseased  part. 
On  January  26  five  uninsulated  needles  were  introduced  into  the 
lip,  around  and  beneath  the  tumour,  so  as  to  entirely  separate  the 
healthy  from  the  unhealthy  tissue,  and  a  current  of  considerable 
tension  from  eighteen  cells  was  allowed  to  pass  for  twenty- five 
minutes.  Equal  parts  of  chloroform  and  ether  were  adminis- 
tered. 

Inflammation  and  suppuration  followed,  and  in  two  days  the 
entire  tumour  had  sloughed  away. 

By  February  2  the  inflammation  had  subsided,  and  the  surface 
was  covered  with  healty  granulations.  Improvement  continued 
until  February  23,  when  the  surface  had  entirely  healed,  and  the 
patient  was  discharged  as  cured,  with  a  well-formed  lip. 

In  scirrlius  the  results  of  electrolysis  have  as  a  rule  been  nega- 
tive. Dr.  Neftel,'  of  New  Tork,  has,  however,  quite  recently,  in 
an  elaborate  paper  on  this  subject,  attempted  to  show  that  electro- 
lysis is  the  best  treatment  for  primary  scirrhus.  He  argues  with 
Virchow,  that  mahgnant  tumours  may  be  at  first  quite  local,  and 
that  the  dysci-asia  is  only  secondarily  developed.  There  is  no 
primary  permanent  dyscrasia ;  only  predisposition,  bat  no  actual 
disease  is  inherited.  The  local  origin  of  cancer  is  also  rendered  pro- 
bable by  the  fact  that  the  primarily  afiected  organs  are  generally 
those  which  are  exposed  to  mechanical  and  chemical  injury,  such 
as  the  skin  and  mucous  membranes,  the  lips,  tongue,  oesophagus, 
stomach,  rectum,  womb,  testicle,  and  more  especially  the  breast. 
The  latter  cannot  escape  any  accidental  injury,  as  it  re&ts  on  an 
osseous  base,  cannot  be  easily  pushed  away,  and  is  likewise  fixed 
by  the  stays.  Cancer  of  the  liver  has  suddenly  become  developed 
after  impaction  of  bihary  concrements  in  the  common  duct, 
causing  irritation. 

That  nevertheless  excision  does  not  generally  lead  to  a  cure 
Neftel  explains  by  the  circumstance  that  the  whole  of  the  diseased 
mass  is  not  removed,  inasmuch  as  apparently  healthy  parts  when 
examined  show  that  they  have  already  become  infected.  Neftel 
says  that  the  duration  of  life  is  shortened,  and  that  the  morbid 
pi-ocess  progresses  more  slowly,  as  long  as  the  primary  tumour 
has  not  been  removed,  and  seems  to  concentrate  itself  in  that 
tumour  alone.  After  its  removal,  however,  the  disease  progresses 
more  rapidly,  and  the  morbid  elements  which  have  remained 
develop  greater  activity,  and  the  fatal  issue  is  accelerated.     The 

'  Virchow's  Archiv,  vol.  Ivii.  1873,  p.  249. 
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same  occurs  whetlier  the  tumours  may  have  been  rem.oved  by 
the  knife,  or  by  caustics,  the  actual  or  galvanic  cautery,  &c.  Elec- 
trolysis performed  in  a  certain  manner,  on  the  contrary,  may  not 
only  destroy  the  tumour,  but  also  cure  the  disease,  inasmuch  as 
it  acts  not  only  on  the  neoplasma,  but  also  on  the  surrounding 
parts,  which  although  apparently  healthy,  are  nevertheless 
already  infected. 

It  vs^ill  be  observed  from  this  argumentation  that  Dr.  Neftel 
appears  to  be  entirely  unacquainted  with  the  method  of  opera- 
.  tion  introduced  by  Mr.  Campbell  De  Morgan,  and  which  consists 
of  a  thorough  cauterisation  of  the  wound,  after  excision,  with  a 
solution  of  chloride  of  zinc,  by  which  any  disease-germs  which 
the  knife  has  been  unable  to  remove,  are  destroyed. 

According  to  ISTeftel,  the  electrolytic  effect  differs  from  cauteri- 
.  sing  by  acids  or  alkalies  chiefly  in  this  particular,  that  the 
ordinary  caustics  have  an  entirely  local  effect,  while  the  electro- 
lytic effects  spread  wherever  portions  of  the  current  travel,  that 
is,  throughout  the  whole  system. 

The  histological  researches  of  Kiihne,  Engelmann,  Golubew, 
and  others,  have  shown  that  electricity  has  a  powerful  effect  on 
the  protoplasma,  the  vital  properties  of  which-  may  be  modified 
or  destroyed  by  it.  This  molecular  and  general  effect  is,  accord- 
ing to  Neftel,  the  most  important  influence  of  electrolysis.  Hydro- 
gen is  a  powerful  poison  for  the  protoplasma;  and  the  protoplasma 
of  the  cancerous  cells  appears  to  be  so  altered  by  electrolysis  that 
they  lose  their  vital  properties.  Cancerous  cells  are  more  easily 
destroyed  by  the  galvanic  current  than  healthy  cells,  as  is  seen 
under  the  microscope.  Only  a  feeble  current  should  be  used  in 
such  experiments,  because  a  powerful  one  destroys  both  kinds 
of  cells  rapidly.  This  shows  the  possibility  of  altering  electro- 
lytically  the  cancerous  elements,  without  acting  too  much 
upon  the  healthy  parts.  The  neoplasma  might,  therefore,  be 
easily  destroyed  if  it  were  not  endowed  with  an  immense  power 
of  proliferation,  whereby  the  action  of  electrolysis  is  to  some 
extent  neutralised. 

The  cachectic  appearance  generally  does  not  exist  in  the  com- 
mencement of  the  disease ;  on  the  contrary,  the  patients  gene- 
rally look  well,  and  the  dyscrasia  only  appears  in  the  later 
stages.  The  cachexia  is  produced  by  the  pain,  the  suppuration, 
and  the  local  destruction  caused  by  the  tumour  ;  and  more  especi- 
ally by  the  absorption  of  the  decaying  elements  of  the  neoplasma. 
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This  general  condition  of  the  patients  is  improved  hy  electrolysis 
in  a  reraarkable  manner,  even  in  bad  cases  ;  the  lancinating  pains 
disappear ;  appetite,  digestion,  and  sleep  return ;  the  patients 
who  formerly  despaired  altogether  become  inspirited,  and  hope 
for  a  complete  cure.  This  change  is  no  doubt  owing  to  the  de- 
struction of  the  decayed  parts  of  the  tumour,  which  are  by 
electrolysis  resolved  into  their  innocuous  chemical  constituents, 
viz.  hydrogen  and  alkalies. 

Keftel  therefore  recommends  to  resort  to  electrolysis  even  in 
incurable  cases,  as  a  palliative  remedy,  because  it  improves  the 
general  condition  of  the  patient,  and  relieves  pain.  It  is  in  this 
respect  entirely  different  from  excision,  cauterisation,  and  the 
galvanic  cautery,  because  these  procedures  accelerate  generalisa- 
tion and  the  fatal  issue.  According  to  him,  electrolysis  by  means 
of  needles  is  not  sufficient  to  cure  cancer,  even  where  it  ap- 
pears to  be  curable  ;  but  persistent  external  application  of  the 
current  should  be  added  to  it.  A  powerful  current  does  not 
answer,  because  its  effect  is  concentrated  at  the  point  of  applica- 
tion, and  destroys  the  texture  it  touches,  without  attacking  the 
more  deeply  seated  morbid  tissues.  A  feeble  current  does  not 
act  so  much  upon  the  place  of  application,  but  goes  more  in  the 
way  of  the  needle-tracks,  which  serve  as  conductors  of  the  current 
into  the  depth  of  the  tumour.  The  operations  with  needles 
therefore  serve  a  double  purpose ;  they  at  first  cause  powerful 
chemical  decomposition,  and  afterwards  give  to  the  current  the 
proper  course  whereby  it  can  develop  its  chief  effect. 

Another  advantage  of  the  electrolytic  treatment  is  that  it  is 
devoid  of  danger  ;  there  is  no  febrile  reaction  ;  and  the  patients 
can  do  anything  they  please  during  the  progress  of  treatment. 

Neftel  has,  amongst  unsuccessful  cases,  recorded  the  following 
successful  one  : — 

A  married  woman,  aged  43,  mother  of  three  children,  had 
right  mamruary  abscess  after  her  first  confinement.  In  April 
1869  she  received  a  blow  upon  the  same  breast ;  but  as  the  pain 
soon  disappeared,  she  gave  no  further  attention  to  it.  In  August 
of  the  same  year  she  commenced  to  feel  pain  in  the  same  breast, 
and  discovered  a  hard  lump  of  the  size  of  a  walnut.  This  lump 
gradually  increased,  and  grew  together  with  the  skin ;  shooting 
pains  supervened,  and  spread  to  the  right  arm.  The  patient  be- 
came anasmic,  chachectic,  and  very  thin.  When  seen  in  April 
'4871.  the  tumour  had  the  size,  of  a  small  orange ;  the  nipple  was 
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retracted.  The  axillary  glands  were  not  affected.  The  brother 
of  the  patient  suffered  from  epithelioma  of  the  eyelid.  The 
treatment  was :  Electrolysis  by  three  needles  connected  with 
the  cathode  ;  thirty-five  cells,  thirty  minutes,  under  chloroform. 
Repeated  on  April  28,  May  2,  and  May  6.  The  general  condition 
of  the  patient  improved.  From  May  8  to  July  10  daily  applica- 
tions of  a  feeble  current ;  a  small  cathode  in  form  of  a  plate  was 
applied  by  means  of  a  moist  compress  to  the  tumour,  more 
especially  to  the  needle-tracks,  the  large  anode  being  placed  in 
the  neighbourhood.  The  places  were  changed  every  few  minutes  ; 
six,  eight,  ten  cells,  from  fifteen  to  thirty  minutes.  Small  eschars 
were  formed,  where  the  cathode  was  again  applied.  The  tumour 
gradually  became  smaller,  and  at  last  disappeared.  On  July  10 
the  patient  went  home,  apparently  perfectly  well ;  but  treatment 
with  four  cells  was  continued  at  home  for  several  months  longer. 
Twelve  months  later  no  relapse  had  taken  place. 

l^eftel  makes  it  a  rule  to  perform  the  introductory  needle- 
operations  at  short  intervals,  and  immediately  to  continue  per- 
cutaneous treatment  with  a  feeble  current.  If  this  be  omitted, 
the  retrogressive  metamorphosis  of  the  tumour  ceases,  and  at 
last  the  growth  becomes  even  more  rapid  than  before. 

The  general  result  at  which  this  observer  has  arrived  is,  that 
cancer  is  curable  by  electrolysis.  It  is  true  that  some  of  his 
cases  which  were  cured  may  have  been  non-malignant ;  but  cer- 
tainly some  were  malignant ;  and  many  who  afterwards  died, 
and  where  malignant  disease  was  histologically  proved,  wei'e 
much  improved  by  the  treatment. 

The  principal  thing  seems  therefore  to  be,  to  commence  the 
treatment  in  the  initial  stage,  before  the  complaint  has  become 
generalised.  This  stage  lasts  a  variable  time.  Scirrhus  of  the 
breast  may  attain  a  considerable  size,  without  affecting  the  axillary 
glands,  and  may  be  cured  by  electrolysis,  even  when  it  has  lasted 
for  years,  and  has  become  very  large.  On  the  other  hand,  the 
soft  medullary  tumours,  even  small  ones  which  have  only  lately 
appeared,  have  great  tendency  to  rapid  generalisation.  Where 
the  neighbouring  glands  are  already  affected,  the  prognosis  is 
doubtful,  and  treatment  longer  and  more  difiicult.  Everything 
depends  then  upon  the  circumstance  whether  all  the  affected  parts 
may  be  reached  and  thoroughly  destroyed.  If  the  tumour  has 
grown  together  with  the  deeper  parts,  and  secondary  deposit  has 
taken  place  in  the  internal  organs,  the  disease  must  be  considered 
incurable.      This   stage   must  be  prevented.     The  task  of  the 
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practitioner  tlierefore  sliould  be  to  treat  at  once  every  suspicious 
or  malignant  tumour  by  electrolysis,  whereby  the  disease  may  be 
permanently  arrested,  and  the  incurable  stage  prevented, 

.  Prof.  Mussey,^  of  Philadelphia,  has  recorded  a  case  in  which  a 
cancer  of  the  dorsum  manus  had  beeen  excised.  A  relapse  took 
place,  and  as  the  bones  and  all  other  parts  of  the  hand  were 
affected,  amputation  of  the  arm  was  thought  of.  Electrolysis, 
however,  was  used,  with  the  result  that  the  large  ulcerating 
tumour  entirely  disappeared  and  became  cicatrised;  and  after 
two  years  no  relapse  has  taken  place. 

According  to  Bruns  ^  electrolysis  acts  only  by  cauterisation, 
followed  by  suppurative  inflammation,  granulation  and  cicatrisa- 
tion, with  shrinking  of  the  tumour.  This  is  certainly  incorrect. 
Small  tumours  disappear  without  ulceration  and  suppuration ; 
they  become  simply  smaller  and  softer,  and  at  last  vanish.  In 
these  cases  it  is  necessary  to  insulate  the  needle,  so  as  not  to 
affect  the  skin ;  or  if  not  insulated,  it  is  rapidly  extracted,  and 
afterwards  the  cathode-plate  daily  applied  to  the  needle-track. 
Moreover,  one  often  sees  a  clear,  transparent,  inodorous,  alkaline 
liquid  exuding  from  the  needle-tracks  ;  this  is  nothing  like  pus 
or  putrid  matter,  but  simply  the  tumour  decomposed  and 
fluidified  by  electrolysis. 

In  a  hard  tumour  of  moderate  size  and  of  slow  growth,  Neftel 
proceeds  as  follows  :  — Two  to  four  needles  are  introduced  at 
equal  distances  from  one  another,  connected  with  the  serres-fines 
conductor,  and  a  large  anode  placed  at  some  distance  from  the 
tumour.  The  circuit  is  closed  metallically  with  a  few  cells,  and 
rapidly  brought  up  to  thirty-five  or  forty  cells.  After  the  anode- 
plate  has  been  a  few  minutes  on  one  part,  it  is  made  to  change 
its  place,  so  that  it  shall  have  gradually  encircled  the  whole 
tumour.  This  is  done  so  that  the  whole  tumour  may  be  acted 
upon,  and  the  skin  not  be  injured  by  the  anode.  After  twenty 
or  thirty  minutes,  the  number  of  cells  is  gradually  diminished, 
and  one  needle  after  the  other  removed.  If  no  chloroform  be 
used,  the  increase  and  diminution  of  the  current  must  be  done 
very  gently  and  gradually.  This  may  be  repeated  three  or  four 
days  afterwards,  only  the  needles  are  inserted  in  other  parts  of 
the  tumour ;  and  again  three  or  four  days  after  that.  After  this 
daily  applications  of  a  feeble  current  are  made.      A  small  flat 

'  Transactions  of  the  American  Medical  Association.     Philadelphia,  1872. 
2  Galrano-Chirurgie.     Tubingen,  1870. 
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cathode  covered  with  a  moist  compress  is  placed  on  the  tum.our  for 
a  few  minutes,  while  the  large  anode  is  held  at  a  greater  distance 
from  it.  The  cathode  is  then  placed  on  another  part  of  the  tumour, 
on  the  needle- tracks,  and  the  anode  just  opposite  to  it.  Such  an 
application  may  last  fifteen  to  thirty  minutes ;  it  should  not  be 
painful,  and  not  cause  cauterisation.  About  ten  or  fifteen  cells 
are  used.  The  electrodes  should  not  be  too  near  each  other,  so 
that  the  current  should  not  run  the  nearest  way,  but  penetrate 
the  whole  depth  of  the  tumour.  The  needle-tracks  are  the  best 
roads  for  the  current,  as  they  ofier  only  slight  resistance  to 
passage.  This  may  be  continued  for  months,  and  the  patient 
may  at  last  do  it  herself.  The  eschars  gradually  fall  ofi",  and  the 
sores  which  remain  heal  under  the  influence  of  a  feeble  current. 
If  a  cavity  be  formed,  it  is  filled  with  moistened  cotton- wool,  to 
which  the  cathode  plate  is  applied,  or  a .  probe-like  cathode  is 
pressed  on  to  it.  When  the  tumour  is  gone,  and  the  sores  have 
become  cicatrised,  the  treatment  should  be  continued  for  some 
time,  at  first  daily,  and  afterwards  two  or  three  times  a  week. 

If  the  tumour  is  larger,  the  initial  needle-operations  are  so  far 
modified  that  after  the  needles  have  been  about  ten  minutes  in 
the  tumour,  one  after  the  other  is  extracted  and-  introduced  into 
other  parts,  until  they  have  penetrated  the  whole  mass  of  the 
tumour,  its  centre  as  well  as  its  periphery.  It  is  not  good  to  use 
more  than  four  needles,  because  if  there  are  more,  the  effect  in 
some  of  them  is  very  feeble.  As  a  rule  no  bleeding  occurs  ;  but 
if  it  should,  it  can  be  easily  arrested  by  applying  the  anode  plate 
to  the  bleeding  part. 

If  the  tumour  be  enormous,  the  whole  organ  transformed  into 
cancer,  and  extensive  ulceration  be  present,  the  growth  be  rio-id 
and  the  quality  medullary  ;  or  if  it  threaten  to  invade  large 
vessels  and  other  important  parts,  an  anode  needle  of  pla- 
tinum is  introduced  perpendicularly  into  the  centre  of  the 
tumour ;  four  cathode  needles  at  the  periphery  horizontally 
through  the  base  of  the  tumour,  at  a  small  distance  from  each 
other ;  metallic  closure,  and  intense  current.  After  twenty 
minutes  one  needle  after  the  other  is  removed,  in  pauses  of 
several  minutes,  and  again  put  into  fresh  parts,  until  the  whole 
tumour  is  undermined  ;  care  being  taken  that  the  cathode  needles 
never  touch  the  anode  needle.  Finally  all  the  cathode,  and  like- 
wise the  anode  needle,  is  removed.  This  operation  may  last  from 
thirty   to   ninety   minutes.     During   the  operation  the  tumour 
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assumes  a  livid  discoloured  hue,  and  afterwards  becomes  quite 
black.  In  seven  or  ten  days  either  the  whole  or  part  of  it  is  thrown 
oflP,  but  the  gangrene  does  not  spread  beyond  the  cathode  needles. 

Further  observations  on  this  subject  are  highly  desirable. 

With  regard  to  secooidary  cancer,  we  have  an  observation  by 
Groh  which  is  favourable,  and  another  by  Neftel,'  which  is  remark- 
ably so.  Groh  employed  prolonged  electrolysis  with  a  feeble  but 
perfectly  constant  current,  administered  for  several  days  and 
nights  consecutively ;  while  in  ISTeftel's  case  three  comparatively 
shoi-t  needle-operations  were  used. 

N^eftel's  patient  was  a  member  of  the  American  Congress,  and 
aged  56.  In  1868  he  consulted  a  number  of  eminent  surgeons, 
both  in  London  and  Paris,  who  were  unanimous  in  their  opinion 
concerning  the  cancerous  nature  of  the  tumour,  which  occupied 
the  left  maramillary  region.  They  all  refused  to  operate,  as  the 
case  was  even  then  looked  upon  as  one  of  general  infection  of 
the  system  with  the  cancerous  poison,  and  it  was  therefore 
thought  that  a  surgical  operation  would  only  accelerate  the  in- 
evitably fatal  result.  The  tumour  was,  however,  eventually 
excised  by  Dr.  Marion  Sims,  in  Paris.  Soon  after  the  wound 
had  healed,  the  axillary  glands  of  the  left  side  began  to  enlarge, 
and  formed,  in  January  1869,  a  hard  swelling  of  the  size  of  a 
fist.  The  patient  and  Dr.  Marion  Sims  were  both  at  that  time 
in  'New  York,  and  the  same  surgeon  again  excised  the  tumour, 
which  was  exhibited  at  a  meeting  of  the  Pathological  Society  of 
New  York,  and  microscopically  examined  by  competent  histo- 
logists,  who  pronounced  it  to  be  cancerous.  Diffuse  erysipelas  set 
in  after  the  second  operation,  with  fever  and  severe  constitutional 
disturbance  ;  the  temperature  rose  to  106°,  and  there  were  rigors 
and  delirium.  The  patient  rallied  after  a  time,  but  the  wound 
afterwards  healed  very  slowly.  Cicatrisation  was  hardly  com- 
pleted when  a  fresh  tumour  began  to  develop  itself  in  the  right 
mammillary  region.  This  grew  rapidly,  and  soon  attained  the 
size  of  an  orange. 

Further  surgical  procedures  now  appeared  inadmissible,  espe- 
cially as  the  general  health  of  the  patient  had  given  way.  Dr. 
Neftel  therefore  proposed  to  employ  the  electrolytic  treatment. 
He  introduced  on  three  several  occasions,  in  April  and  May 
1869,  at  first  two,  then  three,  and  at  last  four  gilt  needles  sepa- 
rately into   the  tumour,  and  connected  them,  by  means  of  the 

1  Virchow's  Archiv,  November  1869,  p,  521, 
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serre3-fines  conductor,  with  the  negative  pole  of  a  Darnell's 
battery,  the  positive  electrode  being  placed  on  the  skin  in  the 
neighbourhood  of  the  tumour.  He  began  with  a  current  of  ten 
cells,  which  was  gradually  increased  to  thirty.  The  first  opera- 
tion lasted  two,  the  second  five,  and  the  third  ten  minutes.  The 
needles  were  removed  without  any  hsemorrhage  taking  place. 
Immediately  after  the  operation  the  tumour  appeared  consider- 
ably larger,  from  the  hydrogen  which  had  become  evolved  in  it, 
but  it  was  softer  and  more  elastic  to  the  touch.  Ko  fever  or 
any  other  unpleasant  symptoms  supervened;  on  the  contrary 
the  patient,  who  had  been  very  feeble,  aneemic  and  cachectic, 
became  stronger  from  day  to  day,  and  the  tumour  gradually 
began  to  shrink.  Two  months  after  the  first  application,  it  had 
almost  entirely  disappeared  ;  and  three  months  after  no  trace  of 
it  was  left.  The  general  health  of  the  patient  had  improved 
pari  passu,  and  was,  when  last  seen,  excellent.  No  fresh  tumours 
had  appeared  anywhere. 

In  this  case  the  percutaneous  treatment  was  continued  for  about 
twelve  months,  daily,  the  cathode  being  placed  to  the  region  of  the 
tumour,  and  the  anode  in  the  neighbourhood,  for  from  fifteen  to 
thirty  minutes.  The  patient  died  three  years  afterwards  of 
another  complaint,  no  relapse  having  taken  place. 

Liiooma. — Eat  being  a  very  imperfect  conductor  of  electricity, 
lipomas  offer  more  resistance  to  the  electrolytic  treatment  than 
other  tumours.  They  may,  however,  be  removed  by  it  in  course 
of  time.  Free  alkali  being,  by  the  action  of  the  negative  pole, 
developed  from  the  blood-vessels  and  the  connective  tissue  in 
which  the  fat  is  imbedded,  the  tumour  is  gradually  changed  into 
an  emulsion,  which  is  absorbed  into  the  general  circulation. 

Slight  bleeding  may  sometimes  occur  on  removing  the  needles, 
if  the  tumour  is  highly  vascular,  the  galvanic  power  employed 
very  low,  and  the  needles  are  too  rapidly  withdrawn ;  but  it  can 
always  be  stopped  by  again  applying  the  negative  or  the  positive 
pole  to  the  puncture.  As  a  rule,  however,  there  is  no  appearance 
of  blood,  if  the  operation  be  carefully  performed. 

In  leaving  this  subject  I  must  lay  stress  on  the  importance  of 
having  a  perfectly  satisfactory  action  of  the  battery,  as  insufficient 
galvanic  power  has  in  such  operations,  to  my  knowledge,  been  a 
cause  of  disappointment.  As  regards  the  number  of  cells  to  be 
employed,  we  must  be  guided  by  the  nature  of  the  tumour.  For 
cysts  and  tumours  with  soft  contents  less  power  is  required  than 
for  hard  swellings. 

z  z 
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XXIII.— WOUNDS  AND  ULCEES. 

Faradisation  is  useful  where  ulcers  are  slow  to  heal ;  and  after 
amputations,  where  the  stump  is  in  a  bad  condition.  Some  years 
ago,  I  treated  by  this  means  a  patient  upon  whom  Mr.  Spencer 
Wells  had  performed  amputation  of  the  forefinger.  Cicatrisation 
had  been  very  tardy,  and  although  the  wound  healed  at  last,  the 
stump  remained  livid,  very  soft,  was  exceedingly  sensitive  to 
touch,  and  bled  easily.  Under  the  influence  of  faradisation,  it 
became  much  firmer,  acquired  a  healthier  colour,  was  less  sensi- 
tive to  touch,  and  never  bled  again.  Mr.  Mitchell  Henry  has 
inforraed  me  that  he  has,  in  patients  who  were  under  his  care 
in  the  Middlesex  Hospital,  found  the  same  means  very  beneficial 
for  improving  the  secretion  of  ulcers;  and  Dr.  Ruschenberger,  of 
the  United  States'  Navy,  has  successfully  used  the  induced  cur- 
rent for  the  cure  of  unmanageable  decubitus.  Mr.  Nunn  has 
also  adopted  this  mode  of  treatment  for  the  sequelae  of  mammary 
abscess,  in  sinus  of  the  breast,  and  the  painful  oedema,  which  is 
so  apt  to  remain  after  the  more  acute  phenomena  of  inflam- 
mation have  subsided.  In  several  instances  Mr.  Nunn  has  seen, 
after  one  application,  the  indolent  edges  of  the  fistulous  opening 
assuming  a  healthy  appearance,  and  the  dull  red  colour  of  the 
infiltrated  skin  giving  place  to  a  tint  peculiar  to  resolution.  In 
all  these  cases  faradisation  acts  by  stimulating  the  vasomotor 
nerves,  in  consequence  of  which  the  activity  of  the  blood- 
vessels is  increased,  and  the  absorption  of  exudation-products 
is  promoted. 

The  continuous  current  is  likewise  valuable  in  such  case.  Mr. 
Spencer  Wells,^  who  has  used  it  a  good  deal,  has  come  to  the 
conclusion  that  there  is  no  other  means  so  capable  of  producing 
a  rapid  growth  of  healthy  granulations,  and  that  often  a  very 
,  beneficial  change  is  effected  in  the  condition  of  ulcers  within 
twenty-four  hours.  Mr.  Wells  found  that  if  two  slight  excoria- 
tions, two  ulcers  or  suppurating  surfaces  on  a  limb  or  any  part 
of  the  body,  were  subjected  to  the  action  of  a  single  galvanic 
pair,  the  zinc  being  applied  upon  one  and  the  silver  on  the  other, 
the  surface  beneath  the  silver  rapidly  cicatrised,  while  that  be- 
neath the  zinc  was  in  two  days  converted  into  a  superficial  eschar. 

*  Appendix  to  Dr.  Golding  Bird's  Lectures  on  Electricity  and  Galvanism. 
London,  1849. 
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To  insure  the  passage  of  the  current  it  is  not  necessary  to  denude, 
but  only  to  moisten  tbe  cuticle.  If  the  plates  be  still  kept  ap- 
plied, the  eschar  extends  to  the  subcutaneous  cellular  tissue,  and 
presents  all  the  characters  of  a  slough  produced  by  caustic  potash, 
except  that  the  dead  tissues  are  a  little  less  compact.  After  the 
separation  of  these  sloughs  cicatrisation  under  ordinary  applica- 
tions is  very  tardy,  but  sets  in  at  once  if  the  silver  plate  be  ap- 
plied, the  zinc  being  fixed  on  some  neighbouring  part. 

Messrs.  Beard  and  Rockwell  report  the  case  of  a  woman,  aged 
40,  who,  on  May  1,  1871,  fell  and  injured  the  arm  immediately 
above  the  external  condyle.  The  pain  was  excessive,  and  con- 
tinued to  distress  her  for  several  weeks,  when  a  small  ulcer  made 
its  appearance  and  enlarged  until  it  was  two  inches  in  diameter. 

The  patient  applied  for  treatment,  July  18.  The  ulcer  was 
covered  with  a  dark-coloured  scab  three-fourths  of  an  inch,  partly 
lifted  from  its  resting-place  by  exuberant  and  unhealthy  granula- 
tions. The  scab  was  removed,  and  a  wet  cloth  in  connection  with 
the  positive  pole  was  applied  to  the  diseased  part,  while  the 
negative  was  placed  on  an  indifferent  but  approximate  part.  The 
galvanic  current  was  used.  She  suffered  no  more  pain  after  the 
second  seance,  and  as  the  applications  were  repeated  the  ulcer 
rapidly  healed,  until  August  30,  when  the  part  was  covered  by 
sound  healthy  skin. 

The  same  observers  have  also  treated  a  syphilitic  ulcer  success- 
fully by  electrolysis.  A  woman,  aged  40,  suffered  three  years 
since  from  a  number  of  syphilitic  tubercles  and  ulcers  about  her 
hips,  thighs,  and  vulva.  They  persisted  a  long  time  and  gave  her 
much  annoyance,  but  finally  healed,  with  the  exception  of  one  on 
the  inside  of  the  thigh.  It  was  elevated  nearly  half  an  inch 
above  the  surrounding  surface,  was  excessively  painful,  and  dis- 
charged an  offensive  secretion.  A  needle  connected  with  the 
positive  pole  was  passed  through  the  base  of  the  elevation,  and  a 
current  of  moderate  tension  allowed  to  pass  for  a  few  moments. 
This  application  dissipated  all  pain,  and  after  the  third  seance, 
given  several  weeks  after  the  first,  soon  healed,  and  the  patient 
was  discharged  from  the  dispensary. 
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XXIV.— INTRODUCTION  OF  DRUGS  INTO  THE  SYSTEM 
BY  THE  AID   OF   ELECTRICITY. 

Fabre-Palaprat^  has  endeavoured  to  introduce  drugs  into  the 
human  body  "by  the  aid  of  electricity.  He  fixed  a  compress, 
moistened  with  a  solution  of  iodide  of  potassium,  and  covered 
Tby  a  platinum  disc  connected  with  the  negative  pole  of  a  voltaic 
pile  of  thirty  pairs,  on  one  of  his  arms,  and  another  compress, 
moistened  with  a  solution  of  starch,  and  covered  by  a  platinum 
disc  connected  with  the  positive  pole  of  the  battery,  on  the  other 
arm,  after  which  the  current  was  allowed  to  pass  for  some  time. 
He  says  that  after  :a  few  minutes  the  starch  acquired  a  blue  tinge, 
showing  that  the  iodine  had  travelled  from  one  arm  to  the  other. 

From  this  and  -other  observations  he  concluded  that  medicinal 
ssubstances  might  by  the  galvanic  current  be  introduced  into  the 
•system,  and  then  -ad  libitwm  either  be  allowed  to  remain  in  it,  or 
removed  from  it  after  having  traversed  the  body. 

Our  present  physiological  knowledge  enables  us  to  say  that  it 
is  impossible,  by  any  contrivance,  to  prevent  the  elimination  of 
onost  medicinal  substances  from  the  body  ;  and  one  of  Fabre- 
Palaprat's  propositions  may  therefore  a  priori  be  eliminated  from 
the  inquiry.  The  other  pro]30sition,  viz.  'that  electricity  may 
■serve  to  introdiace  drugs  into  the  system,  is  likewise  untenable, 
as  those  who  have  repeated  Palaprat's  -experiments  have  never 
been  able  to  perceive  any  passage  of  iodine  from  the  negative 
pole  of  the  battery  through  the  human  body  to  the  positive  pole. 
We  must  therefore  conclude  that  his  observations  have  not  been 
made  with  sufficient  care,  and  that  he  was  thereby  led  to  erroneous 
deductions.  Perhaps  he  was  hardly  fit  for  making  such  observa- 
tions, as,  according  to  his  own  account,  he  suffered  from  '  ecstatic 
spasms '  about  the  time  when  he  worked  on  this  subject. 

In  1846  Dr.  Klenke^  announced  that  he  had  cured  a  number 
of  more  or  less  intractable  diseases  by  the  galvanic  introduction 
of  medicines  into  the  system.  For  struma  he  introduced  iodide 
of  potassium,  for  syphilis  mercury,  &c.  Dr.  Hassenstein^  has 
likewise  published  an  abtruse  memoir  on  this  subject ;  but 
neither  Klenke  nor  Hassenstein  have  been  able  to  satisfy  the 
profession  of  the  accuracy  of  their  observations. 

^  Archives  generales  de  Medecine,  vol.  ii.  p.  432.     Paris,  1833. 

2  2eitsehrift  Wiener  Aerzte,  Mai  1847. 

*  Chemish-electrische  Heilmethode.     Leipzig,  1853. 
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Voltaic  Narcotism. — In  1859  Dr.  E-ichardson^  proposed  to 
indxice  anaesthesia  by  a  combination  of  electricity  with  narcotics. 
For  this  he  nsed  Palvermacher's  chains,  and  a  solution  of  equal 
parts  of  tincture  of  aconite  and  chloroform.  He  experimented 
on  dogs  and  rabbits,  and  afterwards  on  men ;  and  produced 
aneesthesia  to  such  an  extent,  that  severe  operations  could  be  per- 
formed with  little  or  iio  pain.  The  expectations  which  were  at 
first  entertained  of  this  new  mode  of  inducing  anesthesia  have, 
however,  not  been  realised.  Dr.  Waller  has  shown  that  the 
application  of  a  mixture  of  equal  parts  of  tincture  of  aconite  and 
chloroform  alone  produces  loss  of  vascularity  and  nearly  complete 
aneesthesia  in  the  human  skin  in  ten  or  fifteen  minutes ;  that 
electricity  neither  retards  nor  accelerates  this  process ;  that  the 
anaesthesia  is  limited  to  the  spot  to  which  the  narcotising 
mixture  is  applied,  and  that  it  is  caused  by  the  local  absorptian 
of  the  mixture ;  that  this  absorption  may  produce  death  in  ani- 
mals, and  might  be  dangerous  in  infants  and  children  ;.  and  that 
the  action  of  the  narcotic  mixture  with  or  without  electricity, 
when  applied  to  the  healthy  skin,  is  followed  by  a  severe  local 
inflammation  of  an  obstinate  character,  which  would  be  a  bad 
complication  in  surgical  operations. 

Dr.  Richardson  has  since  then  given  to  the  pi-ofession  a  far 
readier  means  of  producing  local  aneesthesia  in  the  ether-spray  ; 
and  he  has  thus  m.ade  ample  compensation  for  any  disappoint- 
ment which  may  have  been  caused  by  the  failure  of  voltaic  nar- 
cotism. 

XXV.—EXTRACTION    OF  METALLIC    SUBSTANCES]    FROM 
THE  HUMAN  BODY:   THE   ELECTRO-CHEMICAL  BATH. 

In  1855  M.  Poey  asserted,  in  a  paper  which  was  read  before 
the  French  Academy,  that  it  is  possible  to  extract  various  me- 
tallic substances  from  the  human  body  by  the  aid  of  electricity ; 
whether  they  have  been  taken  as  remedies,  or  have  become  ab- 
sorbed into  the  system  of  persons  occupied  in  the  different  arts 
and  trades  in  which  their  employment  is  required.  He  relates  that 
an  electro-plater,  a,t  Havana,  who  had  frequently  immersed  his 
hands  into  solutions  of  nitrate  and  cyanide  of  gold  and  silver, 
became  affected  with  a  bad  ulcer  which  resisted  every  treatment. 
On  one  occasion,  while  preparing  a  bath  for  electro-plating,  he 

'  Medical  Times  and  Gazette,  February  12,  1859. 
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immersed  his  hands  into  the  liquid  before  the  object  to  be 
plated  had  been  in"  it,  and  noticed  that  the  negative  Tvire  became 
covered  with  a  metallic  c^oating.  From  this  it  was  concluded 
that  these  deposits  came  from  the  hands  of  the  electro-plater, 
who  was  advised  by  M.  Poey  to  repeat  the  operation  in  order  to 
extract  any  particles  of  metal  which  might  be  remaining.  The 
result  was  that  the  ulcer  was  cured. 

The  erlectro-chemical  bath  consists  of  a  large  copper  tub  filled 
with  water,  and  insulated  from  the  ground ;  and  the  patient  sits 
in  the  tub  on  a  wooden  seat,  which  is  likewise  insulated.     For 
the  extraction  of  mercury,  silver,  or  gold,  the  water  in  the  tub  is 
acidulated  with  nitric  or  hydrochloric  acid  ;  if  lead  is  to  be  ex- 
tracted, sulphuric  acid  is  added.     One  end  of  the  tube  is,  con- 
nected by  means  of  a  screw  with  the  negative  pole  of  a  battery 
of  thirty  pairs  of  plates,  while  the  positive  pole  is  held  by  the 
patient  in  the  right  and  the  left  hand  alternately.     The  positive 
■electrode  is  made  of  iron,  and  covered    with  moistened  linen. 
The  galvanic  current  new  enters  the  body  by  one  of  the  arms  ; 
it  circulates,  according  to  M.  Poey's  graphic  description,  every- 
where, from  head  to  foot,  traverses  all  the  internal  organs,  and 
even  the  bones,  seizes  every  particle  of  metal  which  it  meets  on 
its  journey,  restores  it  to  its  primitive  form,  and  deposits  it  on 
the  entire  surface  of  the  sides  of  the  tub,  more  especially  opposite 
that  part  of  the  body  where  the  metal  is  supposed  to  exist ;  but  all 
this  is  mere  hypothesis.     Patients  have  often  been  said  to  suflfer 
from  the  effects  of  poisonous  metals  in  the  system,  but  no  proofs  of 
the  actual  presence  of  such  metals  in  the  body  have  been  forth- 
coming.    Let  a  patient  be  put  into  the  bath  where  there  is  no 
doubt  about  the  presence  of  a  foreign  metal  in  the  system  ;  as, 
for  instance,  one  who  has  become  blue  by  the  prolonged  use  of 
nitrate  of  silver ;  when  such  a  patient  has  been  rendered  white 
by   the  bath,  I  shall  be  convinced,    but  not   until  then.     The 
American,  Eli  B.,  who  made  a  tour  of  the  European  hospitals  ten 
years  ago,  and  who  was  a  sort  of  celebrity  as  the  ^  blue  man,' 
had   taken   a  large  number   of  electro-chemical  baths  at  New 
York,  in  order  to  get  rid  of  the  blue  colour,  but  without  the 
least  effect ;  and  this  is,  ru  my  opinion,  a  strong  case  against  the 
electro-chemical  bath.     I  willingly  admit  that  in   some   cases  ot 
rheumatism  and  allied  affections  the  electro- chemical  bath  may 
be  of  service,  especially  when  combined,  as   is  now  often  done, 
with  a  local  application  of  the  current  to  the  suffering  part;  but 
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there  it  does  not  act  by  extracting  metals ;  nor  can  we  doubt 
that  in  many  cases  the  electro-chemical  bath  must  be  ineffective 
or  hurtful,  where  a  proper  application  of  electricity  to  the  suf- 
fering part  alone  might  cure  the  patient. 

XXVI.— THERAPEUTICAL  USE  OF  ELECTRICITY  IN  MID- 
WIFERY. 

Bertholon  in  France,  Herder,  Stein,  and  Ealian  in  Grermany, 
and  Drs.  Radford  and  Barnes  in  this  country,  have  recommended 
and  used  electricity  in  cases  of  tedious  labour  and  hgemorrhage 
from  the  uterus,  especially  in  some  forms  of  placenta  preevia ;  and 
for  originating  uterine  contractions  in  cases  where  it  is  necessary 
to  induce  premature  labour.  As  to  the  mode  of  application, 
Kilian  has  recommended  applying  a  galvanic  forceps,  the  blades 
of  which  consist  of  two  different  metals.  Dr.  Radford  proposed 
the  application  of  one  pole  of  a  faradic  current  to  the  abdominal 
parietes  over  the  fundus  uteri,  and  of  the  other  to  the  os  uteri  by 
means  of  a  vaginal  conductor.  Mr.  Cleveland,  on  the  contrary, 
has  directed  the  two  poles  to  the  abdomen  externally,  and 
the  same  proceeding  has  been  adopted  by  Dr.  Barnes,  while 
Dr.  F.  W.  Mackenzie  thought  it  necessary  to  apply  the  positive 
pole  to  the  nape  of  the  neck  and  the  negative  to  the  cervix  uteri, 
for  acting  energetically  upon  the  contractile  fibre-cells  of  the 
uterus. 

Professors  Simpson  and  Scanzoni  consider  electricity  in  mid- 
wifery all  but  useless,  and  believe  that  when  uterine  action  has 
apparently  been  excited  by  galvanism,  this  has  been  either  a 
mere  coincidence,  or  it  has  resulted  from  the  impression  made 
on  the  mind  of  the  patient,  or  by  mechanical  irritation  of  the 
uterus  or  the  abdominal  parietes  by  the  electrodes.  Dr.  F.  W. 
Mackenzie's  experiments,  however,  certainly  show  that  in  cases 
of  placenteal  presentation,  in  which  profuse  hgemorrhages  con- 
tinue to  recur,  notwithstanding  the  employment  of  the  plug  and 
other  means,  before  the  os  is  sufficiently  dilated  to  admit  of 
manual  assistance ;  and  in  cases  of  haemorrhage  in  the  early 
months  of  pregnancy,  which  resist  other  treatment,  and  which 
from  the  constricted  state  of  the  os  and  cervix  uteri  do  not  admit 
either  of  mechanical  or  manual  interference,  faradisation  is  most 
valuable. 

This  is  corroborated  by  the  experience  of  Dr.  Kiihn,^  who  used 

'  Comptes  rendus,  October  1860. 
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the  induced  current  in  the  case  of  a  woman  in  whom,  eighteen 
hours  after  delivery,  the  placenta  had  not  been  expelled  on  ac- 
count of  atony  of  the  uterus.  One  conductor  was  placed  to  the 
cervix,  and  the  other  to  the  abdominal  parietes  above  the  uterus. 
The  circuit  had  scarcely  been  closed  when  the  uterus  contracted 
and  expelled  the  placenta. 

M.  de  St.  Germain  ^  states,  as  the  result  of  his  researches,  that 
in  no  case  have  uterine  contractions  been  induced  where  they  had 
not  already  spontaneously  commenced.  This  explains,  according 
to  him,  the  discredit  into  which  the  electric  current  has  fallen  as 
a  means  of  inducing  premature  labour.  He  has  also  found  that, 
wherever  labour  pains  have  commenced,  occurring  at  intervals  of 
fifteen  or  twenty  minutes,  on  the  application  of  the  conductors  to 
the  lateral  parts  of  the  abdomen,  in  about  ten  minutes  a  remark- 
able increase  of  the  uterine  contractions  occurs,  and  that  con- 
tractions so  induced  are  much  more  prolonged  and  more  painful 
than  others.  The  dilatation  of  os  uteri  has  constantly  taken 
place  with  rapidity  ;  and  a  fact  to  be  particularly  insisted  upon, 
especially  as  it  is  not  noticed  by  Barnes  and  Radford,  is  that  the 
expulsion  of  the  placenta  immediately  follows  that  of  the  infant, 
being  either  spontaneously  projected  beyond  the  vulva  or  capable 
of  removal  without  the  slightest  traction.  In  two  cases  only  the 
infant  exhibited  a  slight  bluish  colour,  but  in  these  the  cyanosis 
could  be  explained  by  constriction.  M,  de  St.  Germain  believes 
that  faradisation  should  be  submitted  to  further  investigations, 
and  expects  that  it  will  prove  chiefly  useful  for  a  rapid  expulsion 
of  the  placenta. 

Faradisation  of  the  womb  is  unquestionably  one  of  the  most 
eflPective  means  at  the  disposal  of  the  accoucheur  for  checking 
haemorrhage  after  birth.  It  has  likewise  the  advantage  of  being 
cleanly  and  simple  in  its  application,  and  that  no  exposure  and 
deluging  with  cold  water  is  required.  Mr.  Parsons,^  of  Liverpool, 
has  used  this  proceeding  in  a  case  of  twin-birth,  in  which  the 
patient  was  sinking  from  hsemorrhage,  the  uterus  being  large  and 
flabby.  Pressure,  irritation  of  the  womb  by  the  hand  introduced 
into  it,  and  ergot,  had  been  tried  and  failed.  Faradisation  was 
then  resorted  to,  one  electrode  being  directed  to  the  cervix,  while 
the  other  was  applied  to  the  abdominal  parietes.  In  a  few 
minutes  slight  uterine  contractions  occurred,  and  in  half-an-hour 

1  Medical  Times  and  Gazette,  November  13,  1869. 

2  Medical  Times  and  Gazette,  August  26,  1865. 
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the  womb  had  contracted  to  its  proper  size.  The  hEemorrhage 
was  then  quite  arrested,  and  the  woman  made  a  good  recovery.  Dr. 
Mackintosh/  of  Doncaster,  has  used  the  same  means  in  a  case 
in  which  convulsions  came  on  during  the  first  stage  of  labour, 
and  required  the  use  of  chloroform.  Failure  of  uterine  action 
occurred  before  the  os  was  fully  dilated.  Forceps  delivery  was 
found  necessary,  and  after  the  placenta  had  been  removed,  the 
haemorrhage  from  the  flabby  uterus  could  only  be  checked  by 
keeping  the  hand  in  the  organ.  Grasping  and  kneeding  it,  cold 
affusion  externally,  injections  of  cold  water,  and  perchloride  of  iron 
having  failed  to  arrest  the  bleeding,  faradisation  was  resorted 
to  in  the  same  manner  as  above.  Almost  immediately  firm 
contraction  took  place,  and  no  further  hgemorrhage  occurred. 
The  patient  made  a  good  recovery. 

Puerperal  JEGlampsia. — Mr.  Parsons,  of  Islip,^  has  recorded  the 
case  of  a  woman  who,  during  her  seventh  confinement,  was  taken 
ill  with  severe  frequent  eclamptic  fits,  with  complete  cessation  of 
uterine  contractions.  He  applied  galvanism  (faradisation)  ex- 
ternally, with  immediate  effect,  the  bags  of  membrane  becoming 
tense  and  protruding  through  the  os.  Within  three-quarters  of 
an  hour  from  the  commencement  of  the  application  the  child  was 
born ;  faradisation  was  again  used  after  the  placenta  had  been 
expelled,  in  order  to  ensure  perfect  contraction.  Although  there 
was  albuminuria,  the  patient  made  a  good  recovery,  and  never 
had  a  return  of  the  fits  afterwards. 

In  conclusion,  I  will  say  a  few  words  on  the  accidents  which 
may  be  caused  by  an  injudicious  application  of  electricity.  This 
powerful  agent  is  not  one  of  those  remedies  which,  if  they  do  no 
good,  can  do  no  harm  ;  but  on  the  contrary,  it  may,  in  the  hands 
of  an  inexperienced  operator,  do  a  great  deal  of  mischief.  Blind- 
ness has  been  caused  by  an  improper  application  of  the  con- 
tinuous current  to  the  face  ;  fainting,  spasms,  hysterical  fits,  and 
palsies  have  been  induced  by  administering  powerful  shocks  ;  and 
fresh  apoplectic  attacks  have  come  on  in  patients  who  had 
previously  suffered  from  cerebral  haemorrhage.  Accidents  of 
this  kind  can  only  be  avoided  if  the  operator  is  guided  by  physio- 
logical knowledge  and  therapeutical  experience.  With  this 
remedy  more  than  with  any  other  the  mode  of  application  has  an 
all- important  bearing  upon  the  results ;  for  it  is  not  electricity 
that  cures  diseases,  but  the  physician,  who  may  cure  diseases  by 
means  of  electricity. 

'  British  Medical  Journal,  August  6,  1873. 
2  British  Medical  Journal,  vol.  i.  1888. 


INDEX. 


ACCIDENTS  caused  by  the  applica- 
tion of  electricity,  179,  503,  713 

Achard,  M.,  on  electro-physiology  of 
the  intestines,  264 

Active  electricity,  2 

Addison,  Dr.,  on  chorea,  570 

Alcohol,  effects  of,  on  the  nervous 
current,  110 

Aldini,  M.,  on  electro -physiology  of 
the  intestines,  254;  on  galvanisation, 
280,  483 

AUbutt,  Dr.  Clifford,  on  the  sympa- 
thetic nerve,  166 

Amalgamation  of  zinc,  27 

Amaurosis,  584 

Amblyopia,  584 

Amenorrhcea,  673 

Ampere,  M.,  on  electro-magnetism, 
76 

Amussat,  M.,  on  the  galvanic  cau- 
tery, 367 

Anaesthesia,  583  ;  from  imperfect  cere- 
bral nutrition,  590 ;  of  the  fifth  pair 
of  cerebral  nerves,  144  ;  hysterical, 
590  ;  from  effusions  or  injury  to 
nerves,  591  ;  of  the  olfactory  nerve, 
583 ;  electrical,  240 

Anderson,  Dr.  McCall,  on  aneurism, 
655 

Andrews,  Mr.,  on  ozone,  5 

Anelectrotonus,  210,  473 

Aneurism,  646 ;  cirsoid,  652  ;  race- 
mosum,  653 

Animal  electricity,  89 

Anions,  38 

Anode,  38 

Anosmia,  583 

Anstie,  Dr.,  on  lead-palsy,  529  ;  neu- 
ralgia, 608 

Anterior  thoracic  ner\'e,  faradisation 
of,  405 

Anteversion  and  anteflexion,  675 


Anti -paralytic  effects  of  the  continuoiis 
current,  472;  of  faradisation,  479 

Anti-spasmodic  effects  of  the  continu- 
ous current,  472 

Antozone,  4 

Aorta,  electro-physiology  of  the,  261 

Aphasia,  512 

Aphonia,  564 

Apoplectic  cyst,  502 

Apparatus,  medical  electric,  270 

Apps's  coil  machine,  368 

Arago,  M.,  on  electro-magnetism,  79 

Arloing,  M.,  on  the  pneumogastric 
nerve,  245 

Arndt,  Dr.,  on  disorders  of  the  mind, 
483,  488 

Arsenious  acid,  its  effects  on  the 
nervous  current,  110 

Ascending  current,  128 

Aspermatismus,  668 

Asphyxia,  592 

Astatic  needle,  78 

Asthma,  576 

Ataxy,  570 

Atony  of  the  bladder,  661 

Atrophy,  progressive  muscular,  453 

Aubert,  M.,  on  lacteal  secretion,  679 

Auditory  nerve,  electro-physiology  of, 
182  ;  galvanisation  of,  342 

Augi;stin,  Dr.,  on  galvanisation,  279  ; 
galvanic  giddiness,  139 

Aural  surgeon's  facial  paralysis,  438, 
562 

Auzouy,  M.,  on  faradisation  in  mental 
diseases,  485 

Avalanche  theory,  218 

Axillary  nerve,  faradisation  of,  405 


B AQUATION'S  battery,  35 
Baierlacher,  Dr.,on  amenorrhcea, 
674  ;  on  electro-physiology  of  the 


716 


INDEX 


BAR 

spinal  cord,  154  ;  of  the  membrana 
tympani,  188 ;  on  peripheral  para- 
lysis, 436 

Barnes,  Dr.,  on  electricity  in  mid- 
wifery, 711 

Basedow's  disease,  621 

Bath,  electro-chemical,  709 

Batteries,  galvanic,  23,  283 

Baumert,  M.,  on  ozone,  6 

Beard,  Dr.,  on  general  faradisation, 
392;  goitre,  691;  epithelioma,  697; 
the  sympathetic  nerve,  169,  171 ; 
central  galvanisation,  344 

Beau,  M.,  on  chronic  metritis,  675  ; 
dyspepsia,  637  ;  ulcers,  707 

Beck,  Dr.  Snow,  on  the  womb,  260 

Beckensteiner,  M.,  on  static  electri- 
city, 277 

Becker-Muirhead's  battery,  316 

Beclard,  M.,  on  heat  caused  by  mus- 
cular contractions,  237 

Becquerel,  M.,  on  constant  batteries, 
25 ;  on  muscular  heat,  233 ;  on 
ozone,  5  ;  on  the  quantity  of  water 
contained  in  bones,  68 

Becquerel,  M.  E.,  on  constipation, 
641  ;  on  primary  and  secondary 
currents,  369 ;  lacteal  secretion, 
679 

Beetz's  battery,  300 

Behrend,  Dr.,  on  galvanisation,  279 

Bells,  galvanic,  285 

Benedict,  Professor,  on  ataxy,  615; 
disorders  of  the  mind,  486  ;  di- 
plegic  contractions,  339  ;  galvano- 
muscular  contractions,  221  ;  the 
ear,  188  ;  galvanisation  of  the  brain, 
331 ;  of  the  roots  of  the  spinal 
nerves,  339  ;  hemiplegia,  603  ;  in- 
duction machine,  374 ;  infantile 
paralysis,  651 ;  on  methods  of  ap- 
plying electricity,  270  ;  paralysis  of 
the  muscles  of  the  eye,  567 

Bennett's  electroscope,  13 

Bernard,  M.  Claude,  on  electro-phy- 
siology o  f  the  pneumogastric  nerve, 
244  ;  of  the  salivary  glands,  255  ; 
of  the  spleen,  257;  of  the  sympa- 
thetic nerve,  159;  on  the  woorara 
poison,  226 

Bertholon,  M.,  on  anosmia,  583 ; 
electricity  in  midwifery,  711 

Bidder,  Professor,  on  the  heart,  249 

Biffi,  M.,  on  the  sympathetic  nerve, 
158;  the  splanchnic  nerves,  249 

Bilha^z,  M.,  on  electric  fishes,  90,  95 

Billroth,  Professor,  on  heat  caused  by 


BUD 

muscular  contractions,  238 ;  epi- 
leptiform neuralgia,  603 
Bird,  Dr.  Golding,  on  amenorrhoea, 
673 ;  on  chorea,  670 ;  electro- 
physiology  of  the  skin,  265 ;  gal- 
vanic moxa,  361 ;  static  electricity, 
273. 
Bladder,  electro-physiology  of,  258  ; 
faradisation  of,  418;  paralysis  and 
atony  of,  660  ;  stone  in,  665 

Blood,  electro-physiology  of,  262 

Blood-vessels,  electro-physiology  of, 
261,  279;  diseases  of,  646 

Bohadtsch,  Dr.,  on  electrisation,  272 

Bones,  electric  conductivity  of,  69 ; 
electro- physiology  of,  269 

Bonnafont,  M.,  on  nervous  deafness, 
589 

Bonnet,  M.,  on  indigestion,  636 ; 
urinary  calculi,  666 

Boulay's  battery,  31 

Bouvier  de  Mortier,  M.,  on  urinary 
calculi,  665 

Brachial  plexus,  paralysis  of,  543  ; 
neuralgia  of,  610;  conductivity  of,  69 

Brain,  electro-physiology  of,  130  ; 
diseases  of,  483;  galvanisation  of,  330 

Brandis,  Dr.,  on  aneurism,  656 

Brenner,  Dr.,  on  electro-physiology  of 
the  ear,  184;  eye,  177;  galvanic 
giddiness,  140;  electrotonus,  214; 
law  of  contractions,  221  ;  polar 
method,  329,  476 

Breschet,  M.,  on  muscular  heat,  233  ; 
on  the  sympathetic  nerve,  159 

Breton's  electric  mixture,  285  ;  gal- 
vanic belt,  285 ;  magneto-electric 
machine,  388 ;  on  primary  and 
secondary  currents,  369 

Broca,  M.,  on  aneurism,  646 

Bronchocele,  689 

Brown-Sequard,  Dr.,  on  the  sympa- 
thetic nerve,  159 

Briickner,  Dr.,  on  peripheral  para- 
lysis, 440 ;  electrotonus,  214 

Bruni,  M.,  on  static  electricity,  274 

Bruns,  Prof.  Von,  on  electrolysis,  702 

Bruns's  battery,  350 

Bryant,  Mr.,  on  the  galvanic  cautery, 
683 

Brydone,  Mr.,  on  electrisation,  272 

Budge,  Professor,  on  the  cilio-spinal 
region  of  the  cord,  157  ;  the  bladder, 
258 ;  on  cutaneous  currents  in  frogs, 
119  ;  on  the  genito-spinal  ganglion, 
158  ;  pneumogastric  nerve,  244  ; 
sympathetic  nerve,  159 


INDEX 


717 


HTTP 

Buffs  electroscope,  13 

Bunsen  s  battery,  30 

Burckhardt,  Dr.,  on  conductivity  of  the 

nervous  centres,  7i ;  on  the  polar 

method,  476 
'Buried  alive,'  461 
Buzzard,    Dr.,    on    the    sympathetic 

nerve,  166,  168 


CALLENDEE,   Mr.,   on    recurrent 
fibroid  tumour,  694 
Campbell,  Dr.  H.,  on  aural  catarrh, 

689;  hydrocele,  671;  bronehocele, 

692 
Cancer,  696 ;  of  the  tongue,  682 ;  of 

the  penis,  682 
Caput  obstipum,  576 
Carter,    Mr.,    on    paralysis    of    the 

muscles  of  the  eye,  559 
Cartilages,    electric    conductivity   of, 

65 
Catalytic    effects   of    the   continuous 

current,  471,  475 
Cataract,  635 
Catelectrotonus,  210,  473 
Cathode,  38 
Cations,  38 

Cautery — vide  Galvanic  cautery 
Cavallo,  M.,  on  electrisation,  273 
'Central  galvanisation,'  344 
Centrifugal  current,  128 
Centripetal  current,  128 
Cerebral  exhaustion,  495  ;  paralysis, 

501 
Cervical    sympathetic — vide    Sympa- 
thetic nerve 
Charcot,  M.,  on  anatomical  changes 

in  hemiplegia,  512 
Chemical    effects   of  frictional   elec- 
tricity,  15;    of  galvanism,  37;    of 

induction  currents,  85 
Chloride  of  silver  battery,  33,  303, 

377 
Chorea,  570 

Chvosteck,  M.,  on  the  spleen,  258 
Cilio-spinal  region  of  the  cord,  167 
Ciniselli,    M.,    on    gal  van o -puncture, 

297  ;  aneurism,  647,  653 
Clarke's    magneto-electric    machine, 

363 
Clay  electrodes,  105 
Clemens,  Dr.,  on  Holtz's  machine,  17  ; 
on  static  electricity,  274  ;  ileus,  644 
Cleveland,  Mr.,  on  electricity  in  mid- 
wifery, 711 
Closed  circuit,  36 


DAY 

Coil  machines — vide  Induction   ma- 
chines 
CoUis,  Mr.,  on  tumours,  684 
Colon,  electro-physiology  of,  256 
Conducting  wires,  320 
Conductivity,  48 ;  of  metals,   52;  of 
the  human  body,  68;  of  the  brain, 
69 ;  the  spinal  cord,  72 ;  the  eyes, 
76;  of  diseased  structures,  77;  of 
different  animal  tissues,  62 
Conductors,  7,  49 
Conjunctive  wire,  36 
Constant  batteries,  31,  287 
Constant    current — vide    Continuous 

current 
Constipation,  habitual,  638 
Contact-breaker,  370 
Continuative  application  of  galvanism, 

340 
Continuous  galvanic  current,  19,  36; 
medical  applications  of,  279 ;  sur- 
gical applications  of,  347 ;   thera- 
peutical action  of,  471 
Contractile     fibre-cells,     electro-phy- 
siology of,  252 
Contractions,  electro-muscular,    225; 

in  hemiplegia,  512 
Convulsibility,  510 
Copland,  Dr.,  on  cerebral  paralysis,  430 
Cord — vide  Spinal  cord 
Cornea,  opacities  of,  634 
Cornil,  M.,  on  anatomical  changes  in 

hemiplegia,  512 
Creve,  Dr.,  on  galvanisation,  279 
Crosse's  water  battery,  35 
Cruickshank's  battery,  284 
Crural  nerve,  faradisation  of,  413 
Crussel,  M.,  on  cataract,  635 ;  stric- 
ture of  the  urethra,  658 
Cruveilhier's  disease,  622 
Curling,   Mr.,  on   sterility,  670 ;  on 

spermatorrhoea,  670 
Cutaneous  currents  in  frogs,  118;  in 

man,  121 
Cut-current,  370 

Cyon,  M.,  on  the  depressor  nerve, 
248;  on  the  sympathetic,  167;  the 
ear,  188;  electrotonus,  214;  the 
j)neumogastric  nerve,  245  ;  galvani- 
sation of  the  brain,  331 ;  of  the 
spinal  cord,  333  ;  cervical  sympa- 
thetic, 336 
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ANIELL'S  battery,  26 

Davy,  Sir  Hiunphry,  on  electro- 
lysis, 38 
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Davy,  Dr.  John,  on  the  torpedo,  90 

Deafness,  nervous,  589 

Death,  electro-diagnosis  of,  460 

Deglutition,  difficulty  of,  568 

De  la  Eive,  M.,  on  galvanism,  20  ; 

induction  currents,  85  ;  ozone,  5 
De  la  Rue's  chloride  of  silver  battery, 

33 
Delaux,  M.,  on  hernia,  642 
De  MoUe,  Dr.,  on  anienorrhoea,  674 
De  Morgan,  Mr.  C,  on  cancer,  699 
Density  of  electricity,  12,  48 
Depressor  nerve,  electro-physiology  of, 

248 
Derbyshire  neck,  689 
Derivation  wire,  37 
Derived  current,  37 
Deriving  cushions,  101 
De  Saussure,  on  amaurosis,  535 
Descending  current,  128 
De  St.  Germain,  M.,  on  electricity  in 

midwifery,  712 
De  Wilde,  Mr.,  on  the  electric  probe, 

459 
Diabetes,  624 
Diagnosis,  electricity  as  a  means  of, 

428 
Diaphragm,  faradisation  of,  404,  592 
Digestive  organs,  diseases  of,  636 
Diplegic  contractions,  338 
Dipolar  arrangement  of  nervous  mole- 
cules, 108 
Dipsomania,  498 
Direct  current,  128 
Direct  musciilar  faradisation,  396 
Direction  of  the  galvanic  current,  36 
Discharge,  electric,  8 
Disorders  of  the  mind,  483 
Displacements  of  the  womb,  677 
Dittel,  Professor,  on  stricture  of  the 

urethra,  660 
Dittrich,  M.,  on  electro-physiology  of 

the  spleen,  257 
Donders,  Professor,  on  the  pneumo- 

gastrie  nerve,  246 
Donn6,    M.,    on    the   gastro-hepatie 

current,  124 
Donnet,    Cardinal,  on   premature  in- 
terment, 461 
Donovan,  Mr.,  on  history  of  medical 

electricity,  272 
Dove,  Professor,  on  electro-magnetism, 

82 
Drissen,  Dr.,  on  sympathetic  paralysis, 

523 
Dropsy,  M.,  on  general -faradisation, 
391 


ELE 

Drugs,  introduction  of,  into  the  system 

by  means  of  electricity,  708 
Du  Bois-Peymond,   Professor  E.,  on 
animal  electricity,  100  ;  on  conduc- 
tivity of  the  human  body.   63 ;  of 
animal  tissues,  66 ;  on  the  current 
of  the  finger,  121  ;  of  the  skin,  118; 
on  cutaneous  currents  in  frogs,  118; 
on    electro  tonus,     107 ;     induction 
apparatus,  128  ;  law  of  contraction, 
199  ;  multiplier,  48,  100  ;  inhibitory 
effects,    205 ;    platinum  electrodes, 
104  ;  clay  electrodes,  105  ;  galvanic 
key,  129  ;  sledge,  128;  unpomrisable 
electrodes,  45 
Duchenne    (de    Boulogne),     M.,     on 
amaurosis,  584  ;  amenorrhoea,  674  ; 
anosmia,  583  ;  asphyxia,  592  ;  cere- 
bral paralysis,  433;  electro-muscu- 
lar sensibility,  246 ;  electro-physio- 
logy of  the  eye,  179 ;  of  the  mem- 
brana  tympani,  188;  of  the  muscles, 
230  ;  electrode  for  the  bladder,  418  ; 
faradisation,  363,  345,  372 ;  impo- 
tency,  669  ;  magneto-faradic  appa- 
ratus, 389  ;  primary  and  secondary 
current,   369  ;  rheostat  voltameter, 
37  ;  volta-faradic   apparatus,    374  ; 
sympathetic  nerve,  164 
Dueros,  M.,  on  asphyxia,  592 
Dumas,  M.,  on  lu'inary  calculi,  665 
Dumeril,  on  history  of  galvanism,  198 
Duncan,  Dr.,  on  the  blood,   262 ;  on 

aneurism,  652 
Dunn,  Mr.,  on  amaurosis,  585 
Dupuy,  M.,  on  the  sympathetic  nerve, 

169 
Durham,  Mr.,  on  hyatids  of  the  liver, 

692 
Dwindle,  Dr.,  on  sea-sickness,  637 
Dynamic  electricity,  19 
Dyspepsia,  636 
Dysphonia,  564 


ECKHAED,  Professor,  on  conduc- 
tivity of  animal  tissues,  63 ;  in- 
hibitory effects  of  the  continuous 
current,  207 ;  inherent  muscular 
irritability,  226 

Electrical  anaesthesia,  240 

Electricity,  natural,  1 ;  active,  2 ; 
static,  2  ;  dynamic,  19  ;  animal,  89  ; 
positive  and  negative,  3 ;  by  'contact, 
20;  velocity  of,  13;  voltaic,  19 

Electric  machine,  3;  battery,  10; 
current,    8 ;    discharge,   8 ;    shock, 
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238;  endosmosis,  45 ;  mixture,  304 ; 
ray,  91 ;    eel,  90,    93  ;    shad,    94 ; 
bath,  294  ;  organ  of  electric  fishes, 
90,  274 ;  spark,  8 ;  probe,  457 
Electrisation,    271 ;    by  sparks,  276  ; 

by  the  Leyden  jar,  277 
Electro-bioscopy,  460 

Electrodes,  38  ;  medical,  321  ;  surgi- 
cal, 332,  339 ;  unpolarisable,  44, 
323 

Electrolysis,  37 ;  secondary,  39 ;  of 
albumen,  43  ;  of  animal  structures, 
39  ;  of  the  blood,  44  ;  for  the  treat- 
ment of  surgical  diseases,  352  ;  for 
aneurism,  646 ;  hydrocele,  671  ; 
goitre,  689  ;  cancer,  696 ;  nsevus, 
685  ;  stricture  of  the  urethra,  658  ; 
tumours,  684 

Electrolytes,  38 

Electro-chemical  bath,  709 

Electro-magnetic  machines,  374 

Electro-magnetism;  78  medical  appli- 
cations of,  362 

Electro-meter,   1 3 

Electro-motive  force,  2 

Electro-motive  properties  of  metals,  22 

Electro-muscular  contractions,  225 

Electro-muscular  excitability,  changes 
of,  in  paralysis,  428 

Electro-muscular  sensibility,  242 

Electro-negative  bath,  275 

Electron,  2 

Electrophorus,  15 

Electro-physiology,  125 

Electro-positive  bath,  274 

Electro-puncture,  344,  281 ;  of  the 
heart,  597 

Electroscope,  12 

Electro-therapeutics,  469 

Electrotonus,  Du  Eois-Reymond  on, 
107;  Pflliger  on,  210;  Eulenburg 
on,  212;  Eemak  on,  210;  Von 
Bezold  on,  213;  Samt  on,  213; 
Cyon  on,  214;  production  of,  in 
therapeutics,  473 

Embolism  of  cerebral  arteries,  502 

Encephaloid  cancer,  696 

Endosmosis,  electric,  45 

Engelmann,  Dr.,  on  protoplasma,  699 

Epididymis,  electro-physiology  of,  260 

Epilepsy,  576 
Epileptiform  neuralgia,  602 

Epithelial  cancer,  683,  697 

Erb,  Professor,  on  conductivity  of  the 
nervous  centres,  69 ;  electro-phy- 
siology of  the  brain,  143;  the  ear, 
188;   electrotonus,  214;  the  polar 


method,  475  ;  on  peripheral  para- 
lysis, 440 

Erichsen,  Mr.,  on  aneurism,  646 ;  on 
the  galvanic  cautery,  683 

Essential  resistance,  50 

Ether,  its  effects  on  the  nervous 
current,  116 

Ettinghausen's  magneto-electric  ma- 
chine, 387 

Etdenburg,  Dr.,  on  electrotonus,  212  ; 
sympathetic  nerve,  169  ;  lead -palsy, 
528  ;  peripheral  paralysis,  439 

Excessive  smoking,  500 

Excessive  spirit-drinking,  498 

Exhaustibility,  510 

Exhaustion,  cerebral,  495  ;  spinal,  618 

Exophthalmic  goitre,  621 

Extra-current,  83 

Extra-muscular  faradisation,  397 

Eye,  electro-physiology  of,  173  ; 
paralysis  of  the  nerves  and  muscles 
of,  556  ;  other  diseases  of,  534,  587 

Eyre,  Mr.,  on  aneurism,  658 


FAEKE-PALAPEAT,  on  chorea, 
570 ;  electro-chemistry,  708  ; 
galvano-puncture,  281 

Facial  muscles,  electro-physiology 
of,  230 

Facial  neuralgia,  601 

Facial  palsy,  438,  560 

Facial  spasm,  582 

Fagge,  Dr.  Hilton,  on  hydatids  of  the 
liver,  693 

Fano,  M.,  on  chronic  metritis,  675 

Faraday,  Professor,  on  conductivity, 
14;  induction  currents,  80  ;  electric 
fishes,  90;  dynamic  electricity,  20; 
electro-chemistry,  12  ;  electrolysis, 
37 ;  magneto-electricity,  86 

Faradisation,  362;  general,  391; 
localised,  395;  of  the  skin,  415; 
membrana  tympani,  417;  of  in- 
ternal organs,  417;  nose,  rectum, 
and  bladder,  418 ;  pharynx  and 
larynx,  420  ;  pneumogastric  nerve, 
426  ;  womb,  426 ;  cssophagus,  427  ; 
diaphragm,  404,  592 ;  its  mode  of 
action  in  paralytic  diseases,  479  ;  of 
the  motor  nerves  and  muscles,  400 

Farado -puncture  of  the  heart,  597 

Farina,  M.,  on  tetanus,  204 

Favre,  M.,  on  the  electric  probe,  458 

Female  organs  of  generation,  diseases 
of,  673 

Ferrier,  Dr.,  on  the  brain,  138 
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Pibroid  tumour,  694 

Fiek,  Professor,  on  the  spinal  cord, 

167;  electro-muscular  contractions, 

252  ;  on  nervous  force,  204 
Fieber,  Dr.,  on  diplegic  contractions, 

338 ;    on   the    sympathetic    nerve, 

161;  ovarian  cysts,  694 
Filehne,  Dr.,  on  eleetrotonus,  214 
Flagg,  Mr.,  on  the  electric  eel,  60 
Flatulence,  642 

Flourens,  M.,  on  the  brain,  132 
Forster,  Mr.  Cooper,  on  hydatids  of 

the  liver,  692 
Fontan,  M.,  on  the  electric  probe,  458 
Fothergill's  disease,  602 
Fothergill,  Dr.,  on  electro-bioscopy,463 
Fourth  nerve,  paralysis  of,  556 
Foveaux's  batteries,  307,  384 
Fowler,  Mr.,  on  the  organ  of  taste, 

193;  the  eye,  179 
Fox,  Dr,  Charles,  on  galvano-emesis, 

636 
Franklin,  John,  on  electrisation,  272 
Franklinic  electricity,  2 
Franklinisation,  271 
Fraser,  Dr.,  on  electro-physiology  of 

the  blood,  262  ;  on  aneurism,  608  ; 

paralysis  of  the  bladder,  615 
Fremy,  M.,  on  ozone,  5 
Frictional  electricity,  2 
Friedberg,  Dr.,  on  asphyxia,  593 
Friedlander,  Dr.,  on  hydrocele,  671 
Friedleben,  Dr.,  on  conductivity  of  the 

bones,  67 
Fritsch,  Dr.,  on  the  brain,  133 
Frommhold's  galvanic  apparatus,  313 
Fustigation,  electric,  417,  454 


GAIFFE'S   electric   machines,   297, 
303,377,  390 
Gall-bladder,    electro-physiology    of, 

257  ;  diseases  of,  644 
G-alvani's   discoveries,    27,    96,    197; 

batteries,  23,  283 
Galvanic  belts,  287 

—  cautery,  347,  681 

—  chains,  286 

—  giddiness,  139 

—  moxa,  361 

—  poultice,  285 

Galvanisation,  279  ;  of  the  brain,  330 ; 
spinal  cord,  332 ;  cervical  sj'mpa- 
thetic,  335 ;  of  the  roots  of  the 
spinal  nerves,  339  ;  of  the  pneu- 
mogastric  nerve,  339  ;  of  the  motor 
nerves  and  muscles,  340 ;  of    the 


GTIB 

olfactory  nerve,  341  ;  of  the  optic 
nerve,  341 ;  of  the  gustatory  and 
glosso-pharyngeal  nerves,  342  ;  of 
the  auditory  nerve,  342 ;  of  the 
rectum,  343  ;  urethra,  344 

Galvanism,  19 

Galvano-emesis,  636 

Galvano-faradic  Company,  of  New- 
York,  batteries  of,  311,  386 

Galvano-faradic  battery  by  Mayer  and 
Meltzer,  295 

Galvanometer,  46 

Galvano-muscular  excitability,  461, 
497 

Galvano-puneture,  344 

Galvanoscopic  frog,  101 

Galvanotonic  contractions,  219 

Gassiot's  water  battery,  35 

Gastrodynia,  611 

Gastro-hepatic  current,  123 

General  faradisation,  391 

Genito-spinal  ganglion,  158 

Gerard,  M.,  on  galvano-puneture,  344 

Gerhardt,  Prof.,  on  the  sympathetic 
nerve,  166,  169;  on  icterus,  644 ; 
faradisation  of  the  larynx,  421 

Gerlach,  Professor,  on  electro-phvsio- 
logy,  253,  257 

Giulio,  on  electro-physiology,  261 

Glandidar  current,  118 

Glutseal  nerve,  faradisation  of,  414 

Goitre,  689 

Goltz,  Professor,  on  inhibitory  nerves, 
247  ;  the  spinal  cord,  534 

Golubew,  M.,  on  the  blood,  263  ;  pro- 
toplasma,  699 

Goodwin,  Dr.,  on  paralysis  of  the 
bladder,  661 

Graefe,  A.  Von,  on  paralysis  of  the 
fourth  nerve,  556  ;  amaurosis,  635  ; 
cataract,  584;  opacities  of  the 
cornea,  634 

Gramme's  magneto-electric  machine, 
87 

Grapengiesser,  Dr.,  on  aphonia,  664 

Graves's  disease,  621;  on  galvanisa- 
tion, 279 

Gray,  Mr.,  on  condiiction,  7 

Green,  Mr.,  on  asphyxia,  595 

Greenhow,  Dr.,  on  diphtheritic  para- 
lysis, 664 

Grenet's  battery,  349 

Groh,  Professor,  on  electrolysis,  359, 
688,  697,  704 

Grove's  battery,  29 

Gruithuisen,  on  urinary  calciili,  665 

Gubler,  M.,on  general  faradisation,  39 
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Girr 

Guitard,  M.,  on  rheumatic  paralysis, 

531 
GruU,  Sir  William,  on  paralysis  of  the 

portio  dura,  188 ;  on  chorea,  570 ; 

on   static    electricity,    273 ;    reflex 

paralysis,  533 
Gustatory  nerves,  electro-physiology 

of,  191  ;  galvanisation  of,  342 
Gymnotus,  90,  93 


HA.CEXiEY,Dr.,  on  the  sympathetic 
nerve,  169 
Hagen,  Dr.,  on  electro-physiology  of 

the  ear,  187 
Hair,  action  of  electricity  on  the  roots 

of  the,  264,  268 
Hall,  Dr.  Marshall,  on  asphyxia,  592 ; 

cerebral  and  spinal  paralysis,  429, 

436 
Haller,  on  the  brain,  131 
Hammer,  371 
Hammond's  voltaic  pile,  284  ;  on  the 

sympathetic  nerve,  168 
Hardie,  Dr.,  on  asphyxia,  594 
Harless,  M.,  on  electro-physiology,  253 
Hart,  Dr.,  on  electrisation,  272 
Hart,  Mr.  E.,  on  aneurism,  646 
Hassenstein,  Dr.,  on  electro-chemistry, 

708 
Headaches,  608 
Hearing,    electro-physiology    of    the 

organ  of,  182 
Heart,  electro-physiology  of,  249 
Heidenhain,  M.,  on  electric  endosmo- 

sis,    45 ;  refreshing   effects  of  the 

constant  current,  208  ;  electro-phy- 
siology, 237 
Heider,  M.,  on  the  galvanic  cautery, 

Heidmann,  M.,  on  conductivity  of 
animal  tissues,  62 

Helmholtz,  Prof.,  on  heat  caused  by 
muscular  work,  233 ;  on  electro- 
physiology  of  the  eye,  1 75 ;  con- 
tractile fibre-cells,  252 

Hemicrania,  608 

Hemiplegia,  501 

Henle,  Prof.,  on  contractile  fibre-cells, 
253 

Henley's  magneto-electric  machine, 
368 

Henry,  Mr.  Mitchell,  on  wounds  and 
ulcers,  706 

Henry,  Mr.,  on  induction  currents,  83 

Herder,  on  electricity  in  midwifery, 
711 


Hernia,  incarcerated,  642 

Hiffelsheim,  M.,  on  difficulty  of  deglu- 
tition, 569 

Hinton,  Mr.,  on  tinnitus  aurium,  609 

Histrionic  spasm,  582 

Hitzig,  Dr.,  on  the  brain,  133;  on 
galvanic  giddiness,  140 ;  on  gal- 
vanic movements  of  the  eyes,  142  ; 
unpolarisable  electrodes,  323  ;  on  the 
polar  method,  478 ;  on  spinal  paraly- 
sis, 519 

Holden,  Dr.,  on  recurrent  fibroid 
tumour,  695 

Holmes,  Mr.,  on  aneurism,  647 

Holtz's  machine,  17 

Home  and  Thornthwaite's  machine, 
363 

Hufeland,  on  asphyxia,  592 

Humboldt,  Baron,  on  animal  electri- 
city, 90,  94 ;  electro-physiology  of 
the  eye,  179 ;  gymnotus,  90,  94 ; 
electro-physiology  of  the  heart,  250 ; 
skin.  264 

Hydarthrosis,  632 

Hydatids  of  the  liver,  692 

Hydrocele,  671 

Hydrophobia,  581 

Hyperpesthesia,  600 

Hypochondriasis,  500  ;  sexual,  669 

Hypoglossus  nerve,  faradisation  of,  404 

Hysterical  paralysis,  450 ;  anaesthesia, 
590  ;  aphonia,  564 


TCTERUS,  644 

i     Ileus,  643 

Immermann,  Dr.,  on  galvanic  giddi- 
ness, 140 

Imperfect  cerebral  nutrition,  496 

Impotency,  668 

Incarcerated  hernia,  642 

Inconstant  galvanic  batteries,  284 

Indigestion,  636 

Indirect  muscalar  faradisation,  396 

Induced  contraction,  1 1 5 

Induced  current,  80  ;  medical  appli- 
cation of,  362 

Induction  machines,  374 

Inductive  action,  15 

Infantile  paralysis,  551 

Inframammary  pain,  611 

Inherent  muscular  irritability,  225 

Inhibitory  effects  of  the  continuous 
current,  155,  205 

Inhibitory  ganglia,  243 

Inhibitory  nerves,  electro-physiology 
of,  243 
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Insulated  needles,  651 

Insulators,  17 

Intensity  of  electricity,  12,  48,  81,  87 

Intercostal  neuralgia,  61 1 

Intermittent  application  of  electricity, 

340 
Interrupted     current — vide     Induced 

current 
Intestines,  electro-physiology  of,  254 
lutra-muscular  faradisation,  397 
Inverse  current,  128 
Ions,  38 

Iris,  electro-pliysiology  of,  254 
Irritable  uterus,  679 
Irritability,  inherent  muscular,  225 


JACOBI,  Dr.,  on  galvanisation,  279 
Jallabert,    M.,    on    electrisation, 
271 
Jaundice,  644 

Jobert  de  Lamballe,  on  asphyxia,  592 
Jones,  Dr.  Bence,  on  electro-chemical 

dissolution  of  urinary  calculi,  668 
Jiii'gensen,  M.,  on  electric  endosmosis, 
45 


KEIL'S  induction  machines,  363 
Keyser  and  Schmidt's    battery, 
•300 
Kidder's  batteries,  312,  351,  386 
Kiddle,  Mr.,  on  amaurosis,  587 
Kilian,   on   electricity  in   midwifery, 

711 
Kleist's  discovery  of  the  Leyden  jar,  8 
Klenke,  Dr.,  on  electro-chemistry,  708 
Kolliker.  Professor,   on  the   torpedo, 
90  ;  spleen,   257 ;  contractile  fibre- 
cells,  253  ;  aorta,  261 
Kovacs,  M.,  on  the  electric  probe,  459 
KraiFt-Ebing,  Dr.,  on  peripheral  para- 
lysis, 542 ;    diphtheritic   paralysis, 
564  ;  ataxy,  615 
Kratzenstein,    Dr.,    on    electrisation, 

■271 
Krayenhoff,  M.,  on  anosmia,  583 
Krohne     and     Sesemann's     galvanic 

ecraseur,  351,  354 
Kriiger    and    Hirschmann's   battery, 

383 
Kiihu,    Dr.,    on    electricity    in    mid- 
wifery, 711 
Kiihne,    Professor,    on    protoplasma, 

699 
Kupffer,  M.,  on  the  splanchnic  nerves, 
249 
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LABAUME,  M.,  on   galvanisation, 
273  ;  chorea,  570 
'  Labile '  application  of  electricity,  340 
Labio-glosso-pharyngeal       paralysis, 

551 
Lacteal  secretion,  stoppage  of,  679 
Lamansky,  M.,  on  nervous  force,  205 
Lando,  M.,  on  urinary  calculi,  665 
Landois,  Dr.,  on  the  spleen,  257 
Lange,  Dr.,  on  cedematous  swellings, 

633 
Laryngeal  electrodes,  419 
Larynx,  faradisation  of,  420 
Law  of  contractions,   Nobili's,    203 ; 

Pfliiger's,  212  ;  in  man,  221 
Lead-palsy,  451,  527 
Leclanche's  battery,  33,  297,  383  - 
Le  Coniat,  M.,  on  sea-sickness,  637 
Le  Conte,  Dr.,  on  amenorrhcsa,  674 
Legendre's  electric  machine,  376 
Legros,  M.,  on  asphyxia,  597 ;  on  the 

spinal   cord,    154;  on   the   sympa- 
thetic nerve,  162 
Lehmann,  Dr.,  on  hydrocele,  671 
Lenz,     M.,    on   conductivity   of    the, 

human  body,  59 
Lerche,  M.,  on  cataract,  635 
Leroy,  M.,  on    electro-physiology  of 

the  eye,  175 
Lesueur,  M.,  on  amaurosis,  585 
Leucoma,  634 
Leyden  jar,  8,  277 

Leyden,  Prof.,  on  muscular  heat,  238 
Lichtenstein,   Dr.,    on    galvanisation, 

279 
Liebreich,  Prof.  Oscar,  on  the  electric  < 

probe,  460 
Lincoln,  Dr.,  on  electrolysis,  686 
Lipoma,  705 
Lister,  Mr.,  on  the  splanchnic  nerves, 

249 
Liston,  Mr.,  on  galvano-puncture,  282 
Liver,  hydatid  tumours  of,  692 
Longet,  M.,  on  the  brain,  131 
Longmore,  Prof.,  on  the  discovery  of 

projectiles,  457 
Lombroso,    M.,    on    fara do-muscular 

excitability,  486 
Loss  of  mental  energy,  496  ;  of  smell, 

412;  taste,  589  ;  voice,  564 
Lower    extremities,   faradisation    of, 

412 
Lowenberg,  Dr.,  on  the  ear,  190 
Lucas,  Dr.,  on  opium  poisoning,  596 
Ludwig,  Prof.,  on  the  salivary  glands, 

255;  the  depressor  nerve,  248  ;  the 

splanchnic  nerves,  249 
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Luminous  appearances  produced    by 

electricity,  8,  19 
Lupus,  684 


MA  AS,  Dr.,  on  the  galvanic  cautery, 
681 
Macario,  M.,  on  ileus,  644 
Mac  Cormac,  Dr.,  on  ileus,  643 
Mackenzie,   Dr.   F,    W.,    on    electro- 
physiology  of  the  womb,  260;  on 
electricity  in  midwifery,  711. 
Mackenzie,  Dr.  Morell,  on  faradisa- 
tion of  the  glottis,  420 ;  aphonia, 
566;      electrolytic     treatment     of 
goitre,  689 
Mackintosh,    Dr.,    on    electricity    in 

midwifery,  713 
Magendie,  M.,  on   galvano-puncture, 

281 ;  amaurosis,  585 
Magneto-electricity,  86  ;  medical  ap- 
plication of,  362 
Magneto-electric  machines,  387 
Magneto-faradic  machines,  387 
Magneto-faradism,  86 
Magnus,  Prof.,  on  electro-magnetism, 

82 
Malapterurus  electricus,  90,  94 
Male  organs  of  generation,  diseases 

of,  668 
Malingering,  electro-diagnosis  of,  454 
Mallez,  M.,  on  stricture  of  the  urethra, 

658 
Marianini,  M.,  on  the  sentient  nerves, 

239 
Marie-Davy's  batteries,  32 
Marignac,  M.,  on  ozone,  5 
Marshall,  Mr.,  on  the  galvanic  cau- 
tery, 282 
Martinet,    M.,     on    electro-muscular 

contractility,  429 
Masson,  M.,  on  electro-magnetism,  363 
Matteucci,  M.,  on  animal  electricity, 
90,  100  ;  the  brain,  131  ;  cataract, 
t)35 ;    conducti-\nty  of  animal    tis- 
sues,  62  ;    gastro-hepatic    current, 
123;     induced     contraction,     115; 
tetanus,  207  ;    unpolarisable   elec- 
trodes, 45 
Mauduit,  M.,  on  electrisation,  273 
Mayer  and  Mettzer's  galvano-faradic 
machine,     295 ;    galvanic    cautery, 
350,  353;  induction  apparatus,  383 
Mayer  and  Wolff's  rheostat,  56 
Mayer,  S.,  on  the  spinal  cord,  155 
Mazeas,  M.,  on  electrisation,  272 
Median  nerve,  faradisation  of,  406 


Medical  electric  apparatus,  270 

Melancholia,  its  treatment  by  galva- 
nisation, 494 

Melieher,  Dr.,  on  urinary  calculi,  668 

Membrana  tympani,  electro-physio- 
logy of,  188  ;  faradisation  of,  417 

Mendel,  Dr.,  on  tetanus,  577 

Menorrhagia,  679 

Mercury  rheotome,  371 

Meteorism,  641 

Methods  of  applying  electricity,  274, 
283,  347 

Metritis,  chronic,  675 

Meyer,  Dr.  Moritz,  on  aneurism,  653 
Basedow's  disease,  621  ;  the  brain, 
331 ;  diplegic  contractions,  338 ; 
lead-palsy,  452 ;  peripheral  paraly- 
sis, 437  ;  spinal  paralysis,  519  ; 
sympathetic  nerve,  172;  tumours, 
680 

Meyerstein,  M.,  on  muscular  heat,  237 

Middeldorpff,  Prof.,  on  the  galvanic 
caxTtery,  348,  681 

Midwifery,  electricity  in,  711 

Mind,  disorders  of  the,  483 

Mitchell,  Dr.,  on  peripheral  paralysis, 
537 

'  Moist  chamber,'  1 04 

Moleschott,  Prof.,  on  positive  varia- 
tion of  the  nervous  current,  109  ; 
the  pneumogHstric  nerve.  246 

MoDgiardini,  M.,  on  urinary  calculi, 
665 

Monro,  Dr.,  on  the  organ  of  taste, 
194 

Mosler,  Prof.,  on  the  spleen,  257 

Motor  nerves,  electro -physiology  of, 
197  ;  galvanisation  of,  340  ;  faradi- 
sation of,  400 

Muirhead's  battery,   316 

Midler,  Prof.  J.,  on  the  eye,  174 

Multiplier,  47,  101 

Murray,  Dr.  &.,  on  enlargement  of  the 
womb,  675 

Muscles,  conductivity  of,  65  ;  electro- 
physiology  of,  197;  galvanisation 
of,  340  ;  faradisation  of,  400 

Muscular  current.  114 

Musculo-cutaneous  nerve,  faradisation 
of,  406 

Mussey,  Prof.,  on  electrolysis,  702 

Myelitis,  516 


N^VUS,  681 
Nasse,   M.,  on  conductivity  of 
the  bones,  68 
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Na-tural  electricity,  1 
Nebnlse,  634 

Neck,  faradisation  of  the  muscles  of 
the,  404 

Neef,  Dr.,  on  electro-magnetism,  363, 
372,  374 

Neftel,  Dr.,  on  cancer,  698 

Negative  metals,  21 

Negative  phase  of  the  nerve,  106 

Negative  pole  of  voltaic  pile,  23 ;  of 
constant  batteries,  25  ;  of  induction 
currents,  85 

Negative  variation  of  the  nervous 
current,  108 

Nelaton,  M.,  on  Garibaldi's  case,  459 

Nerves,  conductivity  of,  65 

Nervous  centres,  conductivity  of,  69 

Nervous  current,  106 

Nervous  deafness,  689 

Nervousness,  495,  618 

Neudorfer,  M.,  on  the  electric  probe, 
459 

Neumann,  Dr.,  on  the  blood,  263  ; 
peripheral  paralysis,  439  ;  progres- 
sive muscular  atrophy.  623 

Neuralgia  of  the  face,  601  ;  cervico- 
occipital,  609;  diffuse,  612;  inter- 
costal, 611 

Neurotomy,  603 

Niemeyer,  Prof.,  on  scrivener's  palsy, 
574  ;  epileptiform  neuralgia,  603 

Nipple,  action  of  electricity  on  the, 
268 

Noad's  water  battery,  35 

Nobili,  M.,  on  animal  electricity,  99  ; 
inhibitory  eifects  of  the  continuous 
current,  205 ;  law  of  contractions, 
203  ;  tetanus,  577 

Noises  in  the  head,  609 

Nollet,  M.,  on  electrisation,  272 

Non-essential  resistance,  50 

Nose,  faradisation  of,  418 

Nothnagel,  Dr.,  on  paralysis  after 
acute  diseases,  553 

Nunn,  Mr.,  on  wounds  and  ulcers, 
706 

Nysten,  M.,  on  contractile  fibre-cells, 
253 ;  aorta,  261 


OBTUEATOBIUS  nerve,  faradisa- 
tion of,  413 
Oersted,   M.,    on   electro-magnetism, 

78 
CEsophagus,    faradisation    of,     427 ; 

electro-physiology  of,  256 
Ohm's  law,  49 


PtT 

Olfactory  nerve,  electro  physiology  of, 
180  ;  galvanisation  of,  341 

Onimus,  M.,  on  the  spinal  cord,  154  ; 
on  the  sympathetic  nerve,  162 ; 
muscular  irritability,  229  ;  on  gal- 
vanisation in  hemiplegia,  504;  te- 
tanus, 580 ;  on  asphyxia,  597  ; 
on  ataxy,  615 

Opacities  of  the  cornea,  634 

Open  circuit,  36 

Opium-eating,  499 

Opium-poisoning,  596 

Optic  nerve,  electro-physiology  of, 
173  ;  galvanisation  of,  341 

Ore,  Prof.,  on  facial  palsy,  551 

Organs  of  special  sense,  electro-phy- 
siology of,  173 

Ovarian  cysts,  694 

Ozone,  4 


PAIN  in  the  back  611 
Papillary  tumours,  688 

Paralysis,  601  ;  after  acute  diseases, 
516,    552;    agitans,    677;    of    the 
bladder,   660;    diagnosis  of,    428 
of    deglutition,  553 ;    diphtheritic 
501  ;    cerebral,  431  ;    gouty,  485 
hysterical,     450,      524  ;     of     the 
fourth  nerve,  556 ;  infantile,  551 
from  disease  of  the  antero-lateral 
columns   of  the  spinal  cord,  449 
from  lead-poisoning,  451,  527;  of 
the  muscles  of  the  eye,  567  ;  of  the 
oesophagus,  508  ;   of  the  pharynx, 
508 ;  of  the  portio  dura,  438,  560  ; 
from     pressure,    489 ;    peripheral, 
436,   636  ;  rheiimatic,  453 ;  of  the 
sixth  nerve,  557  ;  spinal,  515,  449  ; 
syphilitic,    513,   519;  reflex,   533; 
of  the  third  nerve,  557 ;  traumatic, 
436,  536  ;  of  the  vocal  cords,  564 

Paraplegia,  516 

Parelectronomic  layer,  114 

Parsons,  Mr.,  on  puerperal  eclampsia, 
713 ;  post-partum  haemorrhage, 
712 

Pereira,  Dr.,  on  cerebral  paralysis, 
430 

Peripheral  paralysis,  436,  536 

Peripolar  arrangement  of  nervous 
molecules,  108 

Peroneal  nerve,  faradisation  of,  414 

Person,  M.,  on  conductivity  of  tissues, 
62  ;  on  amaurosis,  585 

Petrequin,  Professor,  on  aneurism, 
646;  hydrocele,  671 
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Pfliiger,  Professor,  on  avalanche 
theory,  218  ;  the  motor  nerves,  201 ; 
electrotonus,  210  ;  inhibitory  effects 
of  the  continuous  current,  207  ;  law 
of  contractions,  212 ;  splanchnic 
nerves,  249 

Photophobia,  608 

Phrenic  nerve,  faradisation  of,  404, 
592 

Pincus's  chloride  of  silver  battery,  33 

Pirrie,  Professor,  on  aneurism,  646 

Pivati,  M.,  on  static  electricity,  247 

Pixii's  electric  machines,  363,  387 

Pneumogastric  nerve,  electro-physi- 
ology of,  244;  galvanisation  of,  339 ; 
faradisation  of,  426 

Poey,  M.,  on  the  electro-chemical 
bath,  709 

Point  of  indifference,  210 

Poisoning,  636 

Polarisation,  24 

Polar  method,  329 

Poore,  Dr.,  on  refreshing  effects  of  the 
constant  current,  208;  scrivener's 
palsy,  575 

Poorten,  Dr.,  on  the  ear,  188 

Popper,  M.,  on  vomiting,  637 

Portio  dura,  faradisation  of,  400 ; 
paralysis  of,  438,  560 ;  spasm  of,  582 

Positive  electricity,  3 

Positive  metals,  21 

Positive  phase  of  the  nerve,  106 

Positive  pole  of  voltaic  pile,  23 ;  of 
constant  batteries,  25 ;  of  induction 
machines,  85 

Positive  variation  of  the  nervous 
current,  108 

Posterior  thoracic  nerve,  faradisation 
of,  405 

Post-par  turn  haemorrhage,  712 

Pourfiu'  du  Petit,  M.,  on  the  sympa- 
thetic nerve,  159 

Power,  Mr.,  on  the  avalanche  theory, 
219 

Pravaz,  M.,  on  galvano-puncture,  344 
282 

Premature  interment,  460 

Prevost.  M.,  on  urinary  calculi,  665 

Prichard,  Mr.,  on  asphyxia,  595 

Primarj'  current,  368 

Primitive  current,  37 

Probe,  electric,  457 

Progressive  bulbar  paralysis,  551 

Progressive  locomotor  ataxy,  614 

Progressive  miiscular  atrophy,  453, 
622 

Prolapsus,  6/8 


Protosulphate  of  mercury  battery,  32 
Prudhomme's  galvanic  belt,  287 
Prussac,  M.,  on  the  sympathetic  nerve, 

161 
Prussic  acid,  its  effects  on  the  nervous 

current,  110 
Ptosis,  556 
Ptschelnikoff,  M.,  on  conductivity  of 

the  human  body,  59 
Puerperal  eclampsia,  713 
Pulvermacher's  chains,  286 
Purkinje,  Professor,  on  the  eye,  174; 

galvanic  giddiness,  139 
Pye-Smith,  Dr.,  on  amaurosis,  585 


QUADEI,  M.,  on  opacities  of  the 
cornea,  634 
Quantity  of  electricity,  11,  48 
Quincke,  M.,  on  electric  endosmosis,  45 


T)ACHEL,  premature  interment  of, 
It     461 

Radcliffe,  Dr.,  on  animal  electricity, 
117;  unpolarisable  electrodes,  106; 
cerebral  exhaustion,  495 
Eadford,    Dr.,    on    paralysis   of    the 
bladder,     661  ;      on    electricity    in 
midwifery,  711 
Radial  nerve,  faradisation  of,  409 
Eadical  application  of  electricity,  270 
Eanke,  Dr.,   on  conductivity  of  the 

human  body,  66  ;  tetanus,  582 
Kecamier's  galvanic  poultice,  285 
Eectum,    electro-physiology  of,    256; 
galvanisation  of,  343  ;  faradisation 
of,  418 
Eecurrent  fibroid  tumour,  694 
Eeflex  paralysis,  533 
Eefreshing   effects    of    the    constant 

current,  208,  474 
Eegnauld,  M.,  on  polarisation,  45 
Eegulation  of  induction  currents,  82 
Eeid,  Dr.   John,  on  the  sympathetic 

nerve,  159 
Eeil,  M.,  on  galvanisation,  279 
Eemak,   Prof.,  on    ansesthesia,  592 ; 
diplegic  contractions,  338  ;  faradi- 
sation,   396  ;    facial    spasm,    533  ; 
galvanisation,    282  ;    galvano-tonic 
contractions,     219 ;     therapeutical 
effects,  471  ;  disorders  of  the  mind, 
487  ;    skin,  265  ;    galvanic  appara- 
tus, 288 
Eesi  stance  to  passage,  48  ;  essential 
and  non-essential,  50 
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'Retina— vide  Optic  nerve 
Reiroversion  and  retroflexion,  677 
Eeiiss,  M.,  on  electric  endosmosis,  45 
Reynolds,  Dr.  Russell,  on  facial  palsy, 
551  ;      infantile     paralysis,     551  ; 
paralysis     of     the    bladder,    662; 
shaking  palsy,  577 
Rheoscopic  limb,  101 
Rheostat,  53 
Rheotome,  370 
Rheumatic  gout,  627 
]iheiimatic  paralysis,  453,  530 
Rheumatism,  625 
Rhumkorff's  coil,  367 
Richardson,  Dr.,  on  electrical  anses- 
thesia,  240  ;  voltaic  narcotism,  709 
Ritter,   M.,   on   conductivity   of    the 
human   body,   58 ;    ear,   i83 ;    eye, 
174  ;  olfactory  nerve,  181 ;  tetanus, 
205 
Robin,  M.,  on  animal  electricity,  93 
Robinson,  Mr.,  on  urinary  calculi,  668 
Rockwell,  Dr.,  on  general  faradisation, 

392 
Rollett,  M.,  on  the  blood,  263 
Roots  of  the  spinal  nerves,  galvanisa- 
tion of,  339 
Rosenberger,  M.,  on  the  heart,  250 
Rosenthal,  Dr.,  on  Garibaldi's  case, 

458  ;  on  electro-bioscopy,  466 
Rosenthal,  Prof.,  on  cutaneoiis  cur- 
rents, 119;  voltaic  alternatives, 
205 ;  the  superior  laryngeal  nerve, 
247 ;  on  primary  and  secondary 
currents,  369  ;  organ  of  taste,  195 
Rossa,  Dr.,  on  the  sympathetic  nerve, 

169 
Rossi,  M.,  on  the  blood-vessels,  261 
Roubaud,  M.,  on  impotency,  669 
Ruete,  Prof.,  on  the  eye,  174 
Runge,  Dr.,  on  electrotonus,  214 
Ruschenberger,    Dr.,    on    hydrocele, 

671;  ulcers,  706 
Rutherford,  Dr.,  on  electrotonus,  213  ; 
avalanche  theory,  218 


SABINE,  Mr.,  on    magneto-electri- 
city, 88 
Salivary  glands,  electro-physiology  of, 

255 
Salter,  Dr.  Hyde,  on  asthma,  576 
Samt,  M.,  on  electrotonus,  213 
Sanderson,  Dr.  Burdon,  on  the  blood- 
corpuscles,  263 
Sarlandiere,  M.,  on  electro-puncture. 
281 


SIJl 

Satiiration  of  the  system  with  gal- 
vanism, 481 

Sauvages,  M.,  on  electrisation,  271 

Saxton's  electric  machines,  363 

Scanzoni,  Prof.,  on  electricity  in  mid- 
wifery, 711 

SchiflF,  Prof.,  on  the  spinal  cord,  155  ; 
sympathetic  nerve,  159  ;  on  nega- 
tive variation  of  the  nervous  cur- 
rent, 110;  the  pneumogastric 
nerve,  246 

Schivardi,  M.,  on  hydrophobia,  581 

Schlesinger,  Dr.,  on  conductivity  of 
tissues,  63  ;  on  the  womb,  261 

Schmidt,  Dr.,  on  the  sympathetic 
nerve,  169 

Schonbein,  Prof.,  on  ozone,  4 ;  organ 
of  taste,  196 

Schreibekrampf,  570 

Schultz,  M.,  on  ameuorrhoea,  674 ;  im- 
potency, 436  ;  peripheral  palsy,  669 

Schultze,  Prof.,  on  electric  fishes,  90 

Schwanda,  Prof.,  on  Holtz's  machine, 
17  ;  static  electricity,  278  ;  cancer, 
696 

Schwartze,  Dr.,  on  the  ear,  187 

Sciatica,  611 

Sciatic  nerve,  faradisation  of,  414 

Scirrhus,  698 

Scoutetten,  M.,  on  hydrocele,  671 

Scrivener's  palsy,  550 

Sea-sickness,  637 

Sebaceous  tumours,  689 

Secondary  contraction,  115 

Secondary  current,  368 

Seller,  M.,  on  galvanisation  by  in- 
fluence, 392 

Semmola,  M.,  on  diabetes,  625 

Sentient  nerves,  electro-physiology  of, 
238 

Serous  effusions,  583,  690 

Serres-flnes  conductor,  353,  358 

Setschenow,  M.,  on  the  spinal  cord, 
157,  534 

Sexual  hypochondriasis,  621 

Shaking  palsy,  577 

Sick  headache,  608 

Siemens  and  Halske's  machine,  374 

Siemens's  rheostat,  54 

Sigaud  de  la  Fond,  M.,  on  electrisa- 
tion, 273 

Sight,  weakness  of,  584 

Simpson,  Sir  James,  on  galvanic 
pessaries,  674 ;  on  electricity  in 
midwifery,  711 

Sims,  Dr.,  Marion,  on  anteversion  of 
the  womb,  677 
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Singer's  electroscope,  12 

Skin,  electro-physiology  of,  264 ; 
current  in,  118;  diseases  of,  680; 
faradisation  of,  415 

Skinner,  Dr.,  on  lacteal  secretion,  679 

Sleeplessness,  614 

Smee's  battery,  30 

Smell,  electro-physiology  of  the  nerve 
of,  180  ;  loss  of,  534 

Smith,  Dr.  Tyler,  on  the  womb,  260 

Smith,  Dr.  Walter  G.,  on  lead-palsy, 
529  ;  peripheral  paralysis,  541 

Smoking,  excessive,  443 

Soemmering,  M.,  on  galvanisation,  279 

Solfanelli,  M.,  on  ascites,  603 

Solger,  M.,  on  muscular  heat,  237 

Solly,  Mr.,  on  scrivener's  palsy,  570 

Spasmodic  diseases,  569 

Spermatorrhoea,  670 

Spinal  accessory  nerve,  faradisation 
of,  379 

Spinal  cord,  conductivity  of,  72; 
electro-physiology  of,  152;  galvani- 
sation of,  332;  disease  of,  461 

Spinal  exhaustion,  618 

Spinal  nerves,  galvanisation  of  the 
roots  of  the,  339 

Spinal  paralysis,  449,  515 

Spirit-drinking,  excessive,  440 

Splanchnic  nerves,  249 

Spleen,  electro-physiology  of,  275 

Spry,  Dr.,  on  electrisation,  272 

'  Stabile  '  application  of  electricity, 
340 

Stacquez,  M.,  on  impotency,  669 

Stammering,  581 

Stark,  M.,  on  the  conductivity  of  the 
bones,  39 

Static  electricity,  2  ;  properties  of,  7 ; 
chemical  effects  of,  15;  medical 
application  of,  282 ;  therapeutical 
effects  of,  470 

Stein,  M.,  on  electricity  in  midwifery, 
658 

Steiner,  Dr.,  on  the  heart,  252 ;  on 
syncope  and  farado-puneture,  597 

Stohrers  machines,  290,  305,  350, 
379,  388 

Stomach,  electro-physiology  of,  256 

Stone  in  the  bladder,  665 

Stricture  of  the  urethra,   658 

Striped  muscles,  225 

Sulphate  of  lead  battery,  32 

Sulphate  of  mercury  battery,  32,  377 

Sulzer,  M.,  on  the  organ  of  taste,  191 

Superior  laryngeal  nerve,  electro- 
physiology  cf,  247 
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Suxgieal  applications  of  the  continuous 

current,  347 
Surinam  eel,  90,  93 
Swammerdam,  on  motor  nerves,  198 
Sycyanco,  M.,  on    the  ear,   187;    on 

changes  of  conductivity  in  disease, 

77 
Sympathetic  nerve,  electro-physiology 

of,  158  ;  galvanisation  of,  335 
Symptomatic  application  of  electricity, 

270 
Syncope,  592 
Syphilitic  paralysis,  513;  sores,  707 


TAIT,  Mr.  Lawson,  on  encephaloid 
cancer,  696 

Tangent  compass,  47 

Tanner,  Dr.  John,  on  aphoiiia,  566 

Tanquerel  des  Planches,  on  lead-palsy, 
527' 

Taste,  electro-physiology  of,  191  ;  loss 
of,  539 

Taylor,    Mr.,    on    paralysis    of    the 
bladder,  615 

Teilleux,  M.,  on  faradisation  in  mental 
diseases,  484 

Tendons,  conductivity  of,  65 

Terrestrial  magnetism,  78 

Tetanus,  204,  205,  577 

Thales'  observation  on  amber,  3 

Thomsen's  galvanic  battery,  315 

Thiry,  M.,  on  muscular  heat,  237 

Tibial  nerve,  faradisation  of,  414 

Tic  con^Tilsif,  582 

Tic-doloureux,  601 

Tinnitus  aurium,  609 

Todd,  Dr.,  on  cerebral  paralysis,  430 

Toothed  wheel,  371 

Topler's  electrophorus  machine,  17 

Torpedo,  91 

Torticollis,  576 

Traumatic  paialysis,  536 

Tripier,    M.,   double   collector,    299 
faradisation    of    the    womb,    426 
hydarthrosis,  633  ;  hydrocele,  671 
electro-physiology  of  the  organ  of 
taste,  192  ;  stricture  of  the  urethra, 
658  ;  diseases  of  the  womb,  675 

Tripier,  M.  L.,  on  the  pneumogastric 
nerve,  245 
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tives, Phenols,  Acids,  etc.     8vo.  Price  #3.50 
Vol.  li  now  ready.     Svo.  Price  $5.00 
Being  a  treatise  on  the  Properties,  Analytical  Examination,  and  Modes  of 
Assaying  the   various  Organic  Chemicals  and  Preparations  employed  in  the 
Arts,  Manufactures,  Medicine,  etc. 
ALLAN,  FEVER  NURSING. 

Notes  on  Fever  Nursing.  Addressed  to  nurses  in  hospital  and  private  life. 
By  James  W.  Allan,  M.D.     i2mo.     Illustrated.  Price  .75 

ALLINGHAM,  DISEASES  OF  THE  RECTUM.       Illustrated. 

Fistula,  Haemorrhoids,  Painful  Ulcer,  Stricture,  Prolapsus,  and  other  Diseases 
of  the  Rectum,  their  Diagnosis  and  Treatment.  By  William  Allingha.m, 
F.R.c.s.     Fourth  Edition,  enlarged.  Price,  Paper  covers,  .75;  Cloth,  $1.25 

London  Edition,  thick  paper  and  larger  type ,  $2.00. 
"  This  book  has  always  been  a  great  favorite,  and 
deservedly  so.  It  is  practical  in  tone  and  character, 
magisterial  in  its  teaching,  and  valuable  in  showing 
operative  results.  It  is  by  an  author  who,  as  an 
authority,  has  no  superior." — Gaillard' s  Medical 
yournal. 


"  He  is  in  charge  of  the  only  hospital  in  the  world 
(St.  Marks)  devoted  exclusively  to  diseases  of  the 
rectum,  and  he  is  recognized,  both  in  this  country  and 
in  Europe,  as  the  highest  authority  upon  diseases  of 
this  class." — Louisville  Medical  Herald. 


"  No  book  on  this  special  subject  can  at  all  approach    I  "It  is,  as   indeed  the  verdict  of  the  profession  has 

Mr.  Allingham's  in  precision,  clearness  and   practical  already  pronounced  it,  one  of  the  very   best  works  on 

good  sense." — London  Medical  Times  and  Gazette.        1  Disease?  of  the    Rectum." — American    journal   oj 

I  Medical  Science. 

ALTHAUS,  MEDICAL  ELECTRICITY. 

A  Treatise  on  Medical  Electricity,  Theoretical  and  Practical,  and  its  Use  in 
the  Treatment  of  Paralysis,  Neuralgia,  and  other  Diseases.  By  Julius  Althaus, 
m.d.     Third  Edition,  Enlarged.     246  Illustrations.     Svo.  Price  ^6.00 

In  revising  this  new  edition  the  author  has  carefully  brought  each  section  up 
with  the  latest  knowledge  of  the  subject. 
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ANSTIE,  STIMULANTS  AND  NARCOTICS. 

With  special  researches  on  the  Action  of  Alcohol,  Ether  and  Chloroform  on 
the  Vital  Organism.     By  Francis  E.  Anstie,  m.d.      8vo.  Price  ;^3.oo 

"  He  is  an  original  worker  and  independent  thinker.  His  opinions  and  conclusions  are  valuable,  and  cannot 
be  neglected." — American  Medical  journal. 

ATTHILL,  DISEASES  OF  WOMEN. 

Clinical  Lectures  on  Diseases  Peculiar  to  Women.  By  Lombe  Atthill,  m.d. 
5th  edition,  revised  and  enlarged,  with  numerous  illustrations.     i2mo.     Cloth. 

Price  $1.25 

"  It  is  the  concentrated  essence  of  the  knowledge  of  one  who  has  become  wise  by  reason  of  long  and  well- 
ddgested  experience  in  the  subjects  treated." — American  jfournal  of  Medical  Science. 

"  The  work  is  one  of  great  value  to  the  general  practitioner." — American  yournai  of  Obstetrics. 

AITKEN'S  PRACTICE  OF  MEDICINE.     New  Edition. 

The  Science  and  Practice  of  Medicine.  By  William  Aitken,  m.d.,  f.r.s. 
London,  Professor  of  Pathology  in  the  Army  Medical  School,  etc.  Seventh 
Edition.  To  a  large  extent  rewritten  ;  enlarged,  remodeled  and  carefully  revised 
throughout.  In  Two  Volumes.  196  Engravings  on  Wood,  and  a  Map  showing 
the  Geographical  Distribution  of  Diseases,  and  Copious  Index.     Octavo. 

Cloth,  $12.00  ;  Leather,  $14.00 

BALFOUR,  ON  THE  HEART  AND  AORTA. 

Clinical  Lectures  on  Diseases  of  the  Heart  and  Aorta.  By  G.  W.  Balfour, 
M.D.     Illustrated.     2d  Edition.  Price  $5.00 

"The  whole  work  reflects  much  credit  on  its  author,  and  firmly  establishes  his  reputation  as  an  authority  on  the 
important  diseases  of  which  he  treats." — London  Practitioner . 

BARTH    AND    ROGER,    AUSCULTATION    AND    PERCUS- 
SION. 

A  Manual  for  the  Student.  By  M.  Barth  and  M.  Henri  Roger.  Trans- 
lated from  the  6th  French  Edition.     i2mo.  Price  $1.00 

BIBLE  HYGIENE; 

Or,  Health  Hints.  By  a  Physician.  This  book  has  been  written,  first,  to  im- 
part in  a  popular  and  condensed  form  the  elements  of  Hygiene  ;  second,  to  show 
how  varied  and  important  are  the  Health  Hints  contained  in  the  Bible,  and  third, 
to  prove  that  the  secondary  tendency  of  modern  Philosophy  runs  in  a  parallel 
direction  with  the  primary  light  of  the  Bible.     i2mo.       Paper,  .50;  Cloth,  $1.00 

"  The  scientific  treatment  of  the  subject  is  quite  abreast  of  the  present  day,  and  is  so  clear  and  free  from  unne- 
cessary technicalities  that  readers  of  all  classes  maj' peruse  it  with  satisfaction  and  advantage." — Edi7tiurg;h 
Medical  fournal. 

BIDDLE,  MATERIA  MEDICA.      Ninth    Edition. 

( Contains  all  the  changes  in  the  Sixth  Revision  of  the  New  Pkarmacopceia.) 
Materia  Medica.  For  the  Use  of  Students  and  Physicians.  By  the  late 
Prof.  John  B.  Biddle,  m.d.,  Professor  of  Materia  Medica  in  Jefferson  Medi- 
cal College,  Philadelphia.  The  Ninth  Edition,  thoroughly  revised,  and  in 
many  parts  rewritten,  by  his  son,  Clement  Biddle,  m.d..  Assistant  Surgeon, 
U.  S.  Navy,  assisted  by  Henry  Morris,  m.d.  Containing  all  the  additions 
and  changes  made  in  the  last  revision  of  the  United  States  Pharmacopoeia. 
The  Botanical  portions  have  been  curtailed  or  left  out,  and  the  other  sections, 
on  the  Physiological  action  of  Drugs,  greatly  enlarged.     Octavo. 

Cloth,  $4.00;  Leather,  I4.75 


"  The  additions  are  valuable,  and  we  must  congrat- 
ulate the  author  upon  having  improved  what  was 
already  so  useful  a  work,  both  to  the  student  and  phy- 
sician."— Phila.  Medical  and  Surgical  Reporter. 

"  It  has  been  the  design  of  the  author  to  present  in 
his  work  a  text-book  for  the  student.  It  is  brief,  and 
yet  sufficiently  comprehensive.  His  style  is  clear  and 
yet  succinct.  He  covers  the  ground — covers  it  well, 
and  cumbers  his  work  with  nothing  superfluous." — 
Atlanta  Medical  and  Surgical  yournai. 


"  One  thing  that  particularly  recommends  this  work 
to  the  student  is,  that  the  book  is  not  so  large  as  to  dis- 
courage and  cause  him  to  feel  that  it  is  impossible  for 
him  to  get  over  it  and  so  much  else  in  the  short  time 
before  him." — St.  Louis  Medical  and  Surgical  your- 
nai. 

"  It  contains,  in  a  condensed  form,  all  that  is  valu- 
able in  materia  medica,  and  furnishes  the  medical 
student  with  a  complete  manual  on  this  subject." — 
Canada  Lancet. 
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BREWING,  DISTILLING,  ETC. 

The  Brewer,  Distiller  and  Wine  Manufacturer  ;  a  Handbook  for  all  interested 
in  the  Manufacture  and  Trade  of  Alcohol  and  its  Compounds.  Edited  by  John 
Gardner,  Fellow  of  the  Chemical  Society  of  London.    Illustrated.   Cloth,  ^1.75 

Synopsis  of  Contents. — Alcohol,  its  Preparations,  etc. ;  Alcoholometry ; 
Brewing  and  Beers;  Varieties  of  Malt  Liquors;  Malt;  Raw  Grain;  Sugar; 
Hops  ;  Arrangement  of  a  Brewery ;  Different  Processes ;  Chemical  Changes 
during  Washing,  Boiling,  Cooling,  Fermentation,  etc.,  etc. ;  Storing  and  Clari- 
fying, Porters,  Ales  ;  Analysis  of  Beers,  Ciders,  Perry,  Mum  ;  Liquors  and  Cor- 
dials, giving  over  80  preparations.  Other  sources  of  Spirituous  Liquors  ;  Dis- 
tillation of  Alcoholic  Liquors,  including  Rums,  Brandies,  Whiskies,  Gins,  etc, ; 
Wine  and  Wine  Making  ;  Tests  for  Adulterations  ;  Remarks  on  the  Cultivation 
of  Grapes,  etc.;  Imitation  of  Wines. 
BLOXAM.  CHEMISTRY,Inorganic  and  Organic.      Fifth  Edition. 

With  Experiments.  By  Charles  L.  Bloxam,  Professor  of  Chemistry  in 
King's  College,  London,  and  in  the  Department  for  Artillery  Studies,  Wool- 
wich.    Fifth  edition.     With  nearly  300  Engravings.     Cloth,  $4.00;  Leather,  $5.00 

A  most  complete  Text-Book  for  Schools  and  Colleges. 

"  Professor  Bloxam  has  given  us  a  most  excellent  and  useful  practical  treatise.  His  666  pages  (now  700)  are 
crowded  with  facts  and  experiments,  nearly  all  well  chosen,  and  many  quite  new,  even  to  scientific  men  .  .  . 
It  is  astonishing  how  much  information  he  often  conveys  in  a  few  paragraphs.  We  might  quote  fifty  instances  of 
this." — Chetnical  News. 

BLOXAM,     LABORATORY  TEACHING.     Fourth  Edition. 

Progressive  Exercises  in  Practical  Chemistry.  By  Charles  L.  Bloxam, 
Professor  of  Chemistry  in  King's  College,  London,  etc.  Fourth  edition.  With 
89  engravings.     i2mo.  Price  $1.75 

This  work  is  intended  for  use  in  the  Chemical  Laboratory,  by  those  who  are 
commencing  the  study  of  Practical  Chemistry.     It  contains : — 

I.  A  series  of  simple  Tables  for  the  analysis  of  unknown  substances  of  all 
kinds.  2.  A  brief  description  of  all  the  practically  important  single  substances 
likely  to  be  met  with  in  ordinary  analysis.  3.  Simple  directions  and  illustra- 
tions relating  to  Chemical  Manipulation.  4.  A  system  of  Tables  for  the  detec- 
tion of  unknown  substances  with  the  aid  of  the  Blowpipe.  5.  Short  instructions 
upon  the  purchase  and  preparation  of  the  tests  intended  for  those  who  have  not 
access  to  a  Laboratory. 

"  A  great  amount  of  valuable  practical  information  is  here  condensed  into  a  book  of  260  pages,  such  as  only  a 
practical  teacher  could  prepare." — New  England  yournal  of  Education. 

BRUEN.     PHYSICAL  DIAGNOSIS. 

A  Pocket  Book  of  Physical  Diagnosis,  for  Physicians  and  Students.  By 
Edward  T.  Bruen,  m.d.,  Asst.  Prof,  of  Clinical  Medicine,  University  of  Penn'a. 
Illustrated  by  Original  Wood  Engravings.     i2mo.    Extra  Cloth.  Price  |2.oo 

BENNETT.     NUTRITION  IN  HEALTH  AND  DISEASE. 

A  Contribution  to  Hygiene  and  Clinical  MediK;ine.  By  J.  Henry  Ben- 
nett, M.D.     Third  Edition,  Revised  and  Enlarged.     Cloth.  Price  ^2.50 

BY   same   author. 

THE     TREATMENT    OF     PULMONARY     CONSUMPTION 
BY  HYGIENE,  CLIMATE  AND  MEDICINE. 

With  an  Appendix  on  the  Sanitaria  of  the  United  States,  Switzerland  and 
the  Balearic  Islands.     Third  Edition  much  Enlarged.  Price  $2.50 

"Any  physician  may  take  it  up  with  every  feeling  of  confidence  that  the  views  enunciated  by  the  author  will  be 
found  to  be  able,  honest  and  orthodox." — Medico-  Chirurgical  Review. 

BERKART,  ASTHMA. 

The  Pathology  and  Treatment  of  Asthma.  By  Joseph  B.  Berkart,  m.d. 
8vo.  Price  $2.50 
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BEALE  ON  SLIGHT  AILMENTS.     New  Edition.     Just  Ready. 

Slight  Ailments,  Their  Nature  and  Treatment.  By  Lionel  S.  Beale,  m.d., 
F.R.S.,  Professor  of  Practice,  King's  Medical  College..  London.  Second  Edition. 
Enlarged  and  Illusti-ated.  Price,  Cloth,  I1.25  ;  Paper  covers,  .75  cents. 

Fine  Edition,  Heavy  Paper.  Extra  Cloth,  Price  $1.75 

OUTLINE   OF   CONTENTS. 
Introductory.    The  Tongue  in  Health  and  Slight  Ailments.    Appetite.    Nausea.    Thirst.    Hunger.    Indigestion, 
its  Nature  and  Treatment.     Constipation,  its  Treatment.     Diarrhoea.     Vertigo.     Giddiness.     Biliousness.     Sick 
Headache.     Neuralgia.     Rheumatism.     The  Feverish  and  Inflammatory  State.     Of  the  Actual  Changes  in  Fever 
and  Inflammation.     Common  Forms  of  Slight  Inflammation,  etc.,  etc. 

"We  venture  to  say  that  among  the  numerous  medical  publications  issued  during  1880,  there  has  been  none 
which  will  prove  more  useful  to  the  j'oung  general  practitioner,  for  whom  it  is  really  intended,  than  this  volume, 
while  the  time  of  the  older  physician  might  be  much  more  unprofitably  spent." — American  yournal  of  Medical 
Science. 

BY   SAME   AUTHOR. 

ON  LIFE  AND  VITAL  ACTION  IN  HEALTH  AND  DISEASE. 

l2mo.  Price  $2.00 

THE  USE  OF  THE  MICROSCOPE  IN  PRACTICAL  MEDI- 
CINE. 

For  Students  and  Practitioners,  with  full  directions  for  examining  the  various 
secretions,  etc.,  in  the  Microscope.  Fourth  Edition.  500  Illustrations.  Much 
enlarged.     8vo.  Price  ;?7.5o 

"  As  a  microscopical  observer,  and  a  histological 
manipulator,  his  (Dr.  Beale)  skill  and  eminence  are 
generally  conceded." — Popular  Science  Montkly. 


"  We  have  before  us  Prof.  Beale's  work.  The  Micro- 
scope in  Medicine,  a  book  which  it  gives  us  pleasure  to 
recommend  to  every  student  of  microscopy,  whether  he 
be  a  physician  or  naturalist." — yournal  of  the  Fratik- 
lin  Institute,  Philadelphia. 

YLQ^N  TO  WORK  WITH  THE  MICROSCOPE. 

A  Complete  Manual  of  Microscopical  Manipulation,  containing  a  full  descrip- 
tion of  many  new  processes  of  investigation,  with  directions  for  examining  ob- 
jects under  the  highest  powers,  and  for  taking  photographs  of  microscopic 
objects.  Fifth  Edition.  Containing  over  400  Illustrations,  many  of  them  colored. 
Octavo.  Price  $7.50 

"  The  Encyclopaedic  character  of  this  last  edition  of  Dr.  Beale's  well  known  work  on  the  Microscope  renders 
it  impossible  to  present  an  abstract  of  its  contents  ;  suffice  it  to  say,  that  anything  in  his  department  upon  which 
the  physican  can  desire  such  information  will  be  found  here,  and  much  more  in  addition.  It  is,  moreover,  a  store- 
house of  facts,  most  valuable  to  the  physician,  and  is  indispensable  to  every  one  who  uses  the  microscope." — 
American  yournal  of  Medical  Science. 

BIOPLASM. 

A  Contribution  to  the  Physiology  of  Life,  or  an  Introduction  to  the  Study  of 
Physiology  and  Medicine,  for  Students.     With  numerous  Illustrations. 

Price  #2.25 
PROTOPLASM  ;  or  MATTER  AND  LIFE. 

Third  Edition,  very  much  enlarged.     Nearly  350  pages.     Sixteen  Colored 

Plates.   Part  i.  Dissentient.  Part  11.   Demonstrative.    Part  iii.  Suggestive. 

One  volume.  Price  $3.00 

LIFE    THEORIES ;    Their  Influence   upon  Religious    Thought. 

Six  Colored  Plates.  Price  $2.00 

ONE  HUNDRED  URINARY  DEPOSITS, 

On  two  sheets,  for  the  Hospital,  Laboratory,  or  Surgery.  Each  Sheet  $1.00,  or 
on  Rollers,  Price  I1.25 

BERNAY,  CHEMISTRY. 

Notes  for  Students  in  Chemistry.  Compiled  from  Fowne's  and  other  manuals. 
By  Albert  J.  Bernay,  PH.D.     Sixth  Edition.     i2mo.  Price  |i. 25 

BENTLEY'S  STUDENTS'  BOTANY. 

The  Students'  Guide  to  Structural  and  Physiological  Botany.  By  Professor 
Robert  Bentley.     Illustrated  by  nearly  500  Wood  Engravings. 

In  Preparation. 
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BEASLEY.     THE  BOOK  OF  PRESCRIPTIONS. 

Containing  over  3100  Prescriptions,  collected  from  the  Practice  of  the  most 
Eminent  Physicians  and  Surgeons — English,  French  and  American ;  a  Com- 
pendious History  of  the  Materia  Medica,  Lists  of  the  Doses  of  all  Officinal  and 
Established  Preparations,  and  an  Index  of  Diseases  and  their  Remedies.  By 
Henry  Beasley.     Sixth  Edition,  Revised  and  Enlarged.  Price  $2.25 

BY -SAME  AUTHOR. 

THE  DRUGGIST'S  GENERAL  RECEIPT-BOOK. 

Comprising  a  copious  Veterinary  Formulary;  numerous  Recipes  in  Patent 
and  Proprietary  Medicines,  Druggists'  Nostrums,  etc.;  Perfumery  and  Cos- 
metics; Beverages,  Dietetic  Articles  and  Condiments;  TradeChemicals,  Scien- 
tific Processes,  and  an  Appendix  of  Useful  Tables.    Eighth  Edition.    Price  $2.25 

THE  POCKET  FORMULARY  and  Synopsis  of  the  British  and 
Foreign  PharmacopcEias. 

Comprising  Standard  and  Approved  Formulae  for  the  Preparations  and  Com- 
pounds  Employed   in    Medical   Practice.      Tenth    Edition.     511    pp.      i8mo. 

Price  $2.25 

BENTLEY  AND  TRIMEN'S  MEDICINAL  PLANTS. 

A  New  Illustrated  Work,  containing  full  botanical  descriptions,  with  an  account 
of  the  properties  and  usesof  the  principal  plants  employed  in  medicine,  especial 
attention  being  paid  to  those  which  are  officinal  in  the  British  and  United  States 
Pharmacopoeias.  The  plants  which  supply  food  and  substances  required  by  the 
sick  and  convalescent  are  also  included.  By  R.  Bentley,  f.r.s..  Professor  of 
Botany,  King's  College,  London,  and  H.  Trimen,  m.b.,  f.h.s..  Department  of 
Botany,  British  Museum.  Each  species  illustrated  by  a  colored  plate  drawn 
from  nature.     In  Forty-two  parts.     Eight  colored  plates  in  each  part. 

Price  $2  each,  or  handsomely  bound  in  4  volumes.  Half  Morocco,  $90.00 


"  This  work  may  be  recommended  as  a  most  useful 
one  to  druggists,  and  all  who  desire  to  be  familiar 
with  the  Botany  of  Medicinal  Plants." — Druggists' 
Circular. 

"  The  work  when  complete  (it  is  now  complete) 
will  be  the  most  valuable  compend  of  Medical  Botany 
ever  published." — Boston  yournal  of  Chetnistry. 


"  It  would  be  impossible  to  enumerate  all  the  new 
plants  that  are  here  delineated.  The  result  is  a  work 
which,  from  all  points  ofview,isa  credit  to  the  scientific 
literature  of  the  day." — London  Lancet. 

"It  is  an  indispensable  work  of  reference  to  every  one 
interested  in  pharmaceutical  Botany." — London  Phar- 
maceutical Journal. 

BRUBAKER,  PHYSIOLOGY. 

A  Compend  of  Physiology  specially  adapted  for  the  use  of  Students  and  Phy- 
sicians.    "  No,  4,  ?  Quiz-Compend  Series  ?"     i2mo.  Cloth.  Price  $1.00 

"  Dr.  Brubaker  deserves  the  hearty  thanks  of  medical  students  for  his  Compend  of  Physiology'.  He  has 
arranged  the  fundamental  and  practical  principles  of  the  science  in  a  particularly  inviting  and  accessible 
manner.  I  have  already  introduced  the  work  to  my  class." — Maurice  N.  Miller,  M.D.,  Demonstrator  of 
Physiology,  Medical  Leparttnent  University  of  the  City  of  New   York. 

BYFORD.     DISEASES  OF  WOMEN.     New  Revised  Edition. 

The  Practice  of  Medicine  and  Surgery,  as  applied  to  the  Diseases  of  Women. 
By  W.  H.  Byford,  a.m.,m.d..  Professor  of  Obstetrics  and  The  Diseases  of  Wo- 
men and  Children,  in  the  Chicago  Medical  College.  Third  Edition.  Revised 
and  Enlarged,  much  of  it  rewritten,    with  numerous  additional  illustrations. 

Price,  in  Cloth  $5.00;  Leather,  $6.00 


"  The  treatise  is  as  complete  a  one  as  the  present 
state  of  our  science  will  admit  of  being  written.  We 
commend  it  to  the  diligent  study  of  every  practitioner 
and  student,  as  a  work  calculated  to  inculcate  sound 
principles  and  lead  to  enlightened  practice. — New 
York  Medical  Record. 


"  The  author  is  an  experienced  writer,  an  able  teach- 
er in  his  department,  and  has  embodied  in  the  present 
work  the  results  of  a  wide  field  of  practical  observa- 
tion. We  have  not  had  time  to  read  its  pages  critically, 
but  freely  commend  it  to  all  our  readers,  as  one  of  the 
most  valuable  practical  works  issued  from  the  Ameri- 
i    can  press." — Chicago  Medical  Exar7tiner. 

BY    SAME   AUTHOR. 

ON  THE  UTERUS.     The  Chronic  Inflammation  and  Displace- 
ment of  the  Unimpregnated  Uterus. 

An  Enlarged  Edition,  with  Illustrations.     8vo.     ^  Price  $2.50 

"A  good  book  from  a  good  man." — American  Journal  Medical  Science. 

"  It  is  a  sensible,  practical  work,  and  cannot  fail  to  be  read  with  interest  and  profit." — Boston  Medical  and 
Surgical  Journal. 


PUBLICA  TIONS. 


BRAUNE,  TOPOGRAPHICAL  ANATOMY. 

An  Atlas  of  Topographical  Anatomy.  Thirty-four  Full-page  Plates,  Photo- 
graphed on  Stone,  from  Plane  Sections  of  Frozen  Bodies,  with  many  other  illus- 
trations. By  WiLHELM  Braune,  Professor  of  Anatomy  at  Leipzig.  Translated 
and  Edited  by  Edward  Bellamy,  f.r.c.s.,  Lecturer  on  Anatomy,  Charing 
Cross  Hospital,  London.     Quarto.     Price,  Cloth,    $8.00  ;  Half  Morocco,  ;^io.oo 

"As  a  whole  the  work  cannot  fail  to  meet  with  a  heartj'  reception  by  every  progressive  student  of  the  human 
body.  To  the  surgeon  it  is  a  contribution  to  the  study  ol  topographical  anatomy  which  needs  to  be  known  to  be 
properly  appreciated  To  such  practitioners  who  reside  in  large  cities,  where  anatomy  can  be  studied  upon  the 
cadaver,  it  will  afford  a  valuable  aid,  while  to  those  who  are  without  such  means  of  study  it  is  an  almost  indis- 
pensable addition  to  a  working  library." — New  York  Medical  Record. 

"  We  commend  the  book  most  heartily  to  the  Profession." — American  four nal  ef  Medical  Science. 

BUCKNILL  AND  TUKE  ON  INSANITY. 

A  Manual  of  Pyschological  Medicine :  containing  the  Lunacy  Laws,  the 
Nosology,  CEtiology,  Statistics,  Description,  Diagnosis,  Pathology  (including 
morbid  Histology),  and  Treatment  of  Insanity.  By  John  Charles  Bucknill, 
M.D.,  F.R.S.,  and  Daniel  Hack  Tuke,  m.d.,  f.r.c.p.  Fourth  Edition,  much 
enlarged,  with  twelve  lithographic  plates,  and  numerous  illustrations.     Octav^o. 

Price  |8.oo 

"  We  have  read  no  book  in  any  language,  and  certainly  none  in  English,  which   ought  to  be  preferred  to    this 
for  a  text  book,  by  those  who  wish  to  make  a  thorough  study  of  the  subject. — Edinburgh  Medical  yournal. 
"  We  can  heartily  commend  the  work. — American  yournal  of  Ittsanity. 

BURDETT,  HOSPITALS. 

Pay  Hospitals  and  Paying  Wards  throughout  the  World.  Facts  in  support 
of  a  rearrangement  of  the  system  of  Medical  Relief.  By  Henry  C.  Burdett. 
8vo.  Price  $2.25 

"  Mr.  Burdett  displays  and  discusses  the  whole  scheme  of  Hospital  accommodation  with  a  comprehensive 
understanding  of  its  nature  and  extent. — American  Practitioner. 

BY  SAME  AUTHOR. 

COTTAGE  HOSPITALS. 

General,  Fever,  and  Convalescent:  their  Progress,  Management,  and  Work. 
Second  Edition,  rewritten  and  much  Enlarged,  with  many  Plans  and  Illustra- 
tions.    Crown  8vo.  Price  $4.50 

CoNTEifTS. — Chap. — i.  Origin  and  Growth  of  the  Cottage  Hospital  System.  2.  Comparative  Success  of 
Treatment  in  large  and  small  Hospitals.  3.  Finance.  4.  Cottage  Hospital  Construction  and  Sanitary  Arrange- 
ments. 5.  The  Medical  and  Nursing  Departments.  6.  Domestic  Supervision  and  General  Management.  7. 
Cottage  Hospital  Appliances  and  Fittings.  8.  Cottage  Fever  Hospitals.  9.  Midwifery  in  Cottage  Hospitals .  lo. 
Remunerative  Paying  Patients.  11.  Convalescent  Cottages .  12.  Cottage  Hospitals  in  America.  13.  Mortu- 
aries. 14.  A  more  Detailed  Account  of  certain  Cottage  Hospitals,  with  Plans  and  Elevations.  15.  Selected  and 
Model  Plans  criticised  and  compared,  with  a  detailed  description  of  various  Hospitals.  16.  Peculiarities  and 
Special  Features  in  the  Working  of  Cottage  Hospitals.  With  an  Appendix  containing  much  statistical  and  useful 
information. 

"  Mr.  Burdett's  book  contains  a  mass  of  information,  statistical,  financial,  architectural,  and  hy^enic,  which  has 
already  proved  of  great  practical  utility  to  those  interested  in  cottage  hospitals,  and  we  can  confidently  recom- 
mend this  second  edition  to  all  who  are  in  search  of  the  kind  of  information  which  it  contains." — Lancet. 

BUZZARD,  NERVOUS  DISEASES. 

Clinical  Lectures  on  Diseases  of  the  Nervous  System.  By  Thos.  Buzzard, 
M.D.     Illustrated.     Octavo.  Price  $5.00 

CARPENTER,  THE  MICROSCOPE.     Sixth  Edition. 

The  Microscope  and  its  Revelations.  By  W.  B.  Carpenter,  m.d.,  f.r.s. 
Sixth  Edition.     Revised  and  Enlarged,  with  over  500  Illustrations.     Price  $5.50 


"  Not  only  the  student  of  medicine,  but  amateurs, 
and  others  interested  in  the  study  of  natural  history, 
will  find  this  volume  one  of  great  practical  value." — 
Nenu  York  Medical  yournal. 

"  It  is  by  far  the  most  complete  and  useful  treatjse 
now  accessible  to  the  student." — The  Technologist. 


"As  a  text  book  of  Microscopy  in  its  special  relation 
to  natural  history  and  general  science,  the  work  before 
us  stands  confessedly  first,  and  is  alone  sufficient  to 
supply  the  wants  of  the  ordinary  student." — American 
yournal  of  Microscopy. 
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CARTER,  EYESIGHT.     New  Edition  now  ready. 

Eyesight,  Good  and  Bad.  A  Treatise  on  the  Exercise  and  Preservation  of 
Vision.  By  Robert  Brudenell  Carter,  f.r.c.s.  Second  Edition,  with  50 
Illustrations,  Test  Types,  etc.     i2mo.  Price,  Cloth,  $1.25 

"  It  is  written  in  a  lucid  and  agreeable  style,  conveying  an  easily  comprehensible  account  of  the  structure  of 
the  eye  and  the  function  of  vision,  and  gives  a  description  of  the  principal  anomalies  of  the  latter,  at  the  same 
time  inculcating  such  salutary  advice  as  may  be  beneficial  for  the  preservation  of  sight." — London  Medical 
Times  and  Gazette. 

"  There  is  much  vi^holesome  advice  given  on  the  '  Care  of  the  Eyes  in  Infancy  and  Childhood,'  and  on  this 
accoifnt,  if  no  other,  the  book  should  be  in  the  hands  of  every  parent  and  teacher." — Si.  Louis  Courier  of 
Medicine. 

CARTER,  PRACTICE  OF  MEDICINE. 

Elements  of  Practical  Medicine.  By  Alfred  H.  Carter,  m.d.,  London, 
Member  of  the  Royal  College  of  Physicians  ;  Physician  to  the  Queen's  Hos- 
pital, Birmingham,  etc.     Crown  8vo.  Price  $3.00 

"  The  object  of  this  volume  is  to  provide  the  student  with  a  general  introduction  to  the  study  of  Medicine, 
and  to  bring  the  essentials  of  the  subject,  so  far  as  required  for  the  ordinarj'  medical  qualifications,  within  the 
grasp  of  those  who  have  not  the  time  or  leisure  to  read  the  larger  and  more  elaborate  works  on  Practice." — 
Preface. 

"  Dr.  Carter  is  favorably  known  as  a  London  physician  of  learning  and  experience,  and  a  clear  writer.  He 
aims  to  give  a  judicial  epitome  of  practical  medicine,  and  this  is  a  well-prepared  book." — Philadelpliia  Medi- 
cal and  Surgical  Reporter. 

CULLINGWORTH,  ON  NURSING,     Illustrated. 

A  Manual  of  Nursing,  Medical  and  Surgical.  By  Charles  J.  Culling- 
WORTH,  M.D.,  Physician  to  St.  Mary's  Hospital,  Manchester,  England.  With 
eighteen  Illustrations.     i2mo.  Cloth,  $1.00 

CAZEAUX'S  GREAT  OBSTETRICAL  TEXT-BOOK. 

A  Theoretical  and  Practical  Treatise,  including  the  Diseases  of  Pregnancy 
and  Parturition.  By  P.  Cazeaux,  Adjunct  Professor  in  the  Faculty  of  Medi- 
cine of  Paris,  etc.  etc.  Revised  and  Annotated  by  S.  Tarnier,  Former  Clini- 
cal Chief  of  the  Lying-in-Hospital,  etc.,  etc.  Sixth  American  from  the  Seventh 
French  Edition.  Translated  by  Wm.  R.  Bullock,  m.d.  One  volume,  Royal 
Octavo,  over  iioo  pages,  with  Lithographic  and  175  other  Illustrations  on 
Wood.  Price,  Cloth,  $6.00;  Leather,  $7.00 

M.  Cazeaux's  great  work  on  Obstetrics  has  become  classical  in  its  character,  and 
almost  an  Encyclopaedia  in  its  fulness.  Written  expressly  for  the  use  of  students  of 
medicine,  and  those  of  midwifery  especially,  its  teachings  are  plain  and  explicit, 
presenting  a  condensed  summary  of  the  leading  principles  established  by  the  masters 
of  the  obstetric  art,  and  such  clear,  practical  directions  for  the  management  of  the 
pregnant,  parturient,  and  puerperal  states,  as  have  been  sanctioned  by  the  most 
authoritative  practitioners,  and  confirmed  by  the  author's  own  experience.  Collect- 
ing his  materials  from  the  writings  of  the  entire  body  of  antecedent  writers,  carefully 
testing  their  correctness  and  value  by  his  own  daily  experience,  and  rejecting  all  such 
as  were  falsified  by  the  numerous  cases  brought  under  his  own  immediate  observa- 
tion, he  has  formed  out  of  them  a  body  of  doctrine,  and  a  system  of  practical  rules, 
which  he  illustrates  and  enforces  in  the  clearest  and  most  simple  manner  possible. 


"  The  edition  before  us  is  one  of  unquestionable  ex- 
cellence. Every  portion  of  it  has  undergone  a  thorough 
revision,  and  no  little  modification  ;  while  copious 
and  important  additions  have  been  made  to  nearly 
every  part  of  it.  It  is  well  and  beautifully  illustrated 
by  numerous  wood  and  lithographic  engravings,  and 
in  typographical  execution  will  bear  a  favorable  com- 
parison with  other  works  of  the  same  class. "^>«^rz'^«« 
Medical  yournal. 

"  The  translation  of  Dr.  Bullock  is  remarkably  well 
done.  We  can  recommend  this  work  to  those  espe- 
cially interested  in  the  subject  treated,  and  can  espe- 
cially recommend  the  American  edition." — Medical 
Times  and  Gazette. 

"  We  do  not  hesitate  to  say  that  it  is  now  the  most 
complete  and  best  treatise  on  the  subject  in  the  Eng- 
lish language." — Buffalo  Medical  yournal. 


"  It  is  unquestionably  a  work  of  the  highest  excel- 
lence, rich  in  information,  and  perhaps  fuller  in  details 
than  any  text-book  with  which  we  are  acquainted. 
The  author  has  not  merely  treated  of  every  question 
which  relates  to  the  business  of  parturition,  but  ho  has 
done  so  with  judgment  and  ability." — British  and 
Foreign  Medico- Chirurgical  Review. 

"  No  work,  in  our  estimation,  bears  any  comparison 
to  Cazeaux,  in  its  entire  perfectness  ;  and  if  we  were 
called  upon  to  rely  alone  on  one  work  on  accouch- 
ments,  our  choice  would  fall  upon  the  book  before  us 
without  any  kind  of  hesitation."- —  West.  your,  of  Med- 
icine attd  Surgery. 

"  We  know  of  no  work  on  this  all-important  branch 
of  our  profession  that  we  can  commend  to  the  student 
or  practitioner  as  a  safe  guide  befcrs  this." — Chicago 
Medical  yournal. 


PUBLICA  TIONS. 


CHARTERIS,  PRACTICE  OF  MEDICINE. 

Hand-Book  of  the  Practice  of  Medicine.  By  M.  Charteris,  m.d.,  Member 
of  Hospital  Staff  and  Professor  in  University  of  Glasgow.  With  Microscopic  and 
other  illustrations.  Price  ^1.25 

"  We  have  not  often  met  with  a  book  whick  can  be  so  confidently  recommended  to  physicians  or  men  in  general 
practice . ' ' — Lancet. 

"  The  style  in  which  it  is  written  is  clear  and  attractive.     The  illustrations  are  a  marked  featwe  in  it.     It  can 
be  recommended  as  a  very  reliable,  handy  book,  weU  adapted  for  ready  reference." — New  Remedies. 

CHAVASSE  ON  CHILDREN. 

The  Mental  Culture  and  Training  of  Children.     By  Pye  Henry  Chavasse. 

i2mo.  Price,  Paper  covers,  .50;  Cloth,  $1.00 

The  mental  culture  and  training  of  children  is  of  immense  importance.     Many 

children  are  so  wretchedly  trained,  or  rather  not  trained  at  all,  and  so  mismanaged, 

that  a  few  thoughts  on  this  subject  cannot  be  thrown  away,  even  upon  the  most 

careful. 

CLAY  ON  OBSTETRIC  SURGERY.     Third  Edition. 

A  complete  Hand-Book  of  Obstetric  Surgery,  with  Rules  for  every  Emergency 
and  Descriptions  of  the  more  difficult  as  well  as  the  every  day  operations.  By 
Charles  Clay,  m.d.,  with  numerous  Illustrations.  From  the  Third  London 
Edition.     i2mo.  Paper  Covers,  .75  ;  Cloth,  $1.25 

"  It  is  a  useful  and  convenient  book  of  reference ;  the  illustrations  are  good,  and  the  book  will  be  found  of  value 
to  the  student  and  young  practitioner,  as  well  as  to  the  skilled  Obstetrician." — Avterican  Journal  of  Obstetrics. 

CLEVELAND,  POCKET  DICTIONARY. 

A  Pronouncing  Medical  Lexicon,  containing  correct  Pronunciation  and  Defi- 
nition of  terms  used  in  medicine  and  the  collateral  sciences.  By  C.  H.  Cleve- 
land, M.D.     Twenty-ninth  Edition.     i6mo. 

Price,  Cloth,  75  cents  ;  Tucks  with  Pocket,  gi.oo 
This  is  a  most  convenient  size  for  the  pocket,  and  contains  all  the  principal  words 
in  use,  together  with  rules  for  pronunciation,  abbreviations  used  in  prescriptions,  list 
of  poisons,  their  antidotes,  etc. 

COHEN,  INHALATION.     Enlarged  Edition. 

Inhalation,  its  Therapeutics  and  Practice,  including  a  Description  of  the  Ap- 
paratus Employed,  etc.  By  J.  SOLis  Cohen,  m,d.  With  cases  and  Illustrations. 
A  New  Enlarged  Edition.     8vo.  Price  ^2.50 

"  The  book  has  the  merit  of  containing  much  information  that  cannot  be  found  elsewhere." — N.  Y.  Medical 
JoKrnal. 
"  One  of  the  best  treatises  we  have  seen  on  this  subject." — Medical  Times  and  Gazette. 

BY   SAME  AUTHOR. 

CROUP, 

In  its  Relation  to  Tracheotomy.     8vo.  Price  |i.oo 

CLARKE,  SURGERY. 

Outlines  of  Surgery  and  Surgical  Pathology,  including  the  Diagnosis  and 
Treatment  of  Obscure  and  Urgent  Cases.  By  F.  LeGross  Clarke,  f.r.s. 
Second  Edition.     8vo.  Price  $2.00 

COBBOLD,  PARASITES. 

A  Treatise  on  the  Entozoa  of  Man  and  Animals,  including  some  account  of 
the  Ectozoa.  By  T.  Spencer  Cobbold,  m.d.,  f.r.s.  With  85  illustrations. 
8vo.  Price  $5.00 
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COLES,  THE  MOUTH.     Third  Edition,  just  ready. 

Deformities  of  the  Mouth,  Congenital  and  Acquired,  with  Their  Mechanical 
Treatment,  By  Oakley  Coles,  d.d.s.  Third  Edition.  83  Wood  Engravings 
and  96  Drawings  on  Stone.     8vo.  Price  $4.50 

"Altogether  we  must  heartily  congratulate  Mr.  Coles  on  this  creditable  completion  of  a  work  which  cannot 
(ut  redound  to  his  credit  wherever  it  is  known." — British  Journal  of  Dental  Science. 
"  We  recommend  this  book  to  the  study  of  both  surgeons  and  dentists." — London  Lancet. 

BY   SAME   AUTHOR. 

A  MANUAL  OF  DENTAL  MECHANICS. 

Containing  much  information  of  a  practical  nakire,  upon  the  Materials  and 
Appliances  used  in  Mechanical  Dentistry.  For  Practitioners  and  Students. 
Second  Edition,  with  140  Illustrations.     i2mo. 

THE  DENTAL  STUDENT'S  NOTE-BOOK. 

A  new  Edition.     i6mo.  Price  $1.00 

CORMACK,  CLINICAL  STUDIES. 

Illustrated  by  Cases  Observed  in  Hospital  and  Private  Practice.  By  Sir 
John  Rose  CoRMACK,  M.D.,  K,B.,  etc.   Illustrated.   2  vols.   1,127pp.  Price ^5.00 

COURTY,  THE  UTERUS,  OVARIES,  ETC. 

A  Practical  Treatise  on  Diseases  of  the  Uterus,  Ovaries,  and  Fallopian 
Tubes.  By  Prof.  A.  Courty,  of  Montpellier,  France.  Translated  from  the 
Third  Edition  by  his  pupil  and  assistant,  Agnes  McLaren,  m.d.,  m.k.q.c.p.i. 
With  a  Preface  by  J.  Matthews  Duncan,  m.d.,  ll.d.,  f.r.s.,  Obstetric  Physi- 
cian to  Saint  Bartholomew's  Hospital,  London.  With  431  Illustrations.  One 
Vol.,  8vo.    Price,  in  Handsome  Cloth,  $6.00;  Full  Sheep,  Raised  Bands,  $7.00 

OUTLINE  OF   CONTENTS. 

TPODUCTION. — On  the    Anatomy,    Physiology,  and  Teratology  of  the  Organs  of  Generation.     Part  i. — 

General  Survey  of  Uterine  Diseases.      Diagnosis  of  Uterine   Diseases  in  General ;   Treatment  of 

Uterine  Diseases  in  General ;  General  Characteristics  of  Uterine  Diseases.    Part  ii. — Uterine  Diseases 

IN  Detail.     Functional  Disorders  ;  Changes  of  Position  ;    Morbid   States  without  Neoplasm ;    Organic 

Alterations  ;  Diseases  of  the  Uterine  Appendages  ;   Pelvic  Hemorrhages  and  Peri-uterine  Hsematocele  ; 

Cyst  of  the  Ovary  and  Genito-pelvic  Tumor  ;  Sterility,  etc.,  etc.     Index 

"  Courty's  work  has,  since  its  first  publication,  been  recognized  everywhere.     In  France,  its  position  is 

attested  by  the  sale  of  two  editions,  numbering,  I  am  told,  ten  thousand  copies,  and  by  the  appearance  of 

another,  the  third  edition.     I  recommend  to  the  careful  study  of  my  professional  brethren  a  book  which  has 

already  been  crowned  by  the  Institute  of  France. "-^y.  Matthews  Duncan. 

CURLING,  ON  THE  TESTIS. 

A  Practical  Treatise  on  the  Diseases  of  the  Testis,  Spermatic  Cord,  and 
Scrotum.  By  T.  B.  Curling,  m.d.,  f.r.s.  Fourth  Edition,  Enlarged  and  Il- 
lustrated.    8vo.  Price  ^5.50 

"We  believe  this  work   to  be  the  most  trustworthy  that  can  be  consulted  in  this  Department  of  Surgery, 

his  pages   abound  with  valuable  suggestions  and  cautions  that  mark  his  intimate  knowledge  of  the 

subj  e  ct.' ' — London  Practitioner. 

COOPER'S  SURGICAL  DICTIONARY. 

A  Dictionary  of  Practical  Surgery  and  Encyclopaedia  of  Surgical  Science. 
By  Samuel  Cooper.  New  Edition,  brought  down  to  the  present  time.  By 
Samuel  A.  Lane,  f.r.c.s.,  assisted  by  various  eminent  Surgeons.  In  two 
vols.  Price  $12.00 

COTTLE,  ON  THE  HAIR. 

The  Hair  in  Health  and  Disease.  By  E.  W.  Cottle,  m.d.  Partly  from  the 
notes  of  the  late  George  Nayler.     i8mo. 

CORFIELD,    D\A^ELLING  HOUSES. 

The  Sanitary  Construction  and  Arrangement  of  Dwelling  Houses.  By  W. 
H.  Corfield,  M.A.,  M.D.  Enlarged  Edition,  with  Plans  and  Illustrations. 
l2mo.  Price  ^1.25 
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COULSON,  THE  BLADDER.     Sixth  Edition. 

Diseases  of  the  Bladder  and  Prostate  Gland.     By  Walter  J.  Coulson,  f.r.c.s. 
Sixth  Edition.     Revised  and  Enlarged,  with  22  Engravings.     8vo.      Price  $6.40 

CRIPPS,  THE  RECTUM. 

Cancer  of  the    Rectuin.     Its  Pathology,  Diagnosis  and  Treatment.     By,  W. 
Harrison  Cripps,  f.r.c.s.     Illustrated  by  Plates.     8vo.  Price  $2.40 

DAY  ON  CHILDREN.     Second  Edition.     Just  Ready. 

The  Diseases  of  Children.  A  Practical  and  Systematic  Treatise  for  Practi- 
By  Wm.  H.  Day,  m.d.  Second  Edition.  Rev/ritten  and 
8vo.     752  pp.  Price,  Cloth,  I5.00;  Sheep,  ^6.00 


tioners-and  Students, 
very  much  Enlarged. 


"  Dr.  Day  brings  to  his  task  a  large  experience,  and 
evidences  a  very  thorough  knowledge  of  the  literature, 
native  and  foreign,  pertaining  to  this  special  branch  of 
medicine.  The  book  has  been  written  with  great  care, 
and  the  author  is  a  good  writer.  The  publisher's  part 
of  the  task  has  also  been  excellently  performed." — 
Boston  Medical  and  Surgical  Journal. 


"  Believing  the  work  well  adapted  to  meet  the  wants 
of  the  Student  as  well  as  the  Practitioner,  I  will  recom- 
mend it  to  the  classes  of  Rush  Medical  College." — 
DeLeskie  Miller,  M.D.,  Chicago. 

"  On  the  whole,  we  must  confess  we  are  pleased  with 
this  book  and  can  heartily  recommend  it — a  recommen- 
dation which  it  does  not  appear  to  need,  as  it  has 
already  reached  its  second  edition." — American  Jour- 
nal 0/  Medical  Science. 

DAY  ON  HEADACHES.     Fourth  Edition. 

The  Nature,  Causes,  and  Treatment  of  Headaches.     Fourth  Edition.     Illus- 
trated.    By  Wm.  Henry  Day,  m.d.     Octavo. 

Paper  Covers,  75  cents;     Cloth,  $1.25 

Summary  of  Contents. — Headache  from  Cerebral  Anaemia,  Cerebral  Hypersemia,  Sympathetic,  Congestive, 
Dyspeptic  or  Bilious  Headaches,  Headache  from  Plethora,  from  Exhaustion,  from  Change  in  Cerebral  Tissue, 
from  Affections  of  the  Periosteum,  Nervous  and  Nervo-Hypersemic  Headache,  Toxasmic,  Rheumatic,  Arthritic 
or  Gouty  Headache,  Neuralgic  Headache,  and  Headaches  of  Childhood,  Early  and  Advanced  Life. 

"  Well  worth  reading.     The  remark.s  on  treatment  are  very  sensible." — Boston  Medical  and  Surg.  Journal. 

DALBY,  ON  THE  EAR. 

The  Diseases  and  Injuries  of  the  Ear.     By  W.  B.  Dalby,  m.d.,  Surgeon  and 
Lecturer  on  Aural  Surgery,  St.  George's  Hospital.     With  Illustrations.     i2mo. 

Price  ^1.50 


'A  safe  and  readable  introduction  to  aural  surgery." 
Medical  Press  and  Circular. 

"  Dr.  Dalby  has  presented  us  with  a  very  readable 
little  book,  which  is  destined  to  render  i»uch  service  in 
the  saving  of  ears." — N.  V.  Medical  Journal. 


"The  lectures  occupy  226  pages,  are  clearly  and 
consisely  written,  contain  a  number  of  good  illustrations , 
and  are  well  worth  the  careful  study  of  both  student 
and  practitioner.  To  aurists  the  work  will  be  most 
welcome  and  valuable." — Specialist. 


DILLINGBERGER,     WOMEN     AND     CHILDREN'S     DIS- 
EASES. 

A  Hand-Book  of  the  Treatment  of  the  Diseases  Peculiar  to  Women  and  Chil- 
dren.    By  Dr.  Emil  Dillingberger.     i2mo.  Price  ;j5i.5o 

"  It  is  a  magnum  in  parvo.  The  style  is  simple,  clear,  lucid,  and  free  from  theoretical  discussion.  No  one  will 
regret  the  small  outlay  for  this  volume. — Richmond  and  Louisville  Medical  Journal. 

DUNGLISON,  THE  PHYSICIAN'S  REFERENCE  BOOK. 

The  Practitioner's  Ready  Reference  Book ;  a  Guide  in  Office  and  Bedside  Prac- 
tice; containing  Therapeutical  and  Practical  Hints,  Dietetic  Rules,  and  General 
Information.     By  Richard  J.  Dunglison,  m.d.     Fourth  Edition.     Svo. 

Price  $3.50 

"  We  can  heartily  commend  this  book  as  one  that  I  "  The  demand  for  a  second  edition  so  soon  after  the 
must  prove  very  useful  to  the  general  practitioner." —  publication  of  the  first  volume  shows  that  this  work  is 
The  Medical  Record.  \    appreciated  by  the  profession." — Canada  Lancet. 

DURKEE,  VENEREAL  DISEASES.     Sixth  Edition. 

Gonorrhoea  and  Syphilis.  By  Silas  Durkee,  m.d.  Sixth  Edition.  Revised 
and  Enlarged,  with  Portrait  and  Eight  Colored  Illustrations.     Svo.     Price  ^3.50 

"  We  may,  finally,  recommend  Dr.  Durkee's  book  as  eminently  practical,  well  written,  full  of  excellent  counsel, 
and  worthy  of  being  cons  ilted  by  every  member  of  the  profession.  A  late  number  of  the  London  Medical  Times 
and  Gazette  also  speaks  of  the  book  in  terms  of  the  highest  approval." — Bjston  Medical  and  Surgical  Journal, 
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DAGUENET,  OPHTHALMOSCOPY. 

A  Manual  of  Ophthalmoscopy,  for  the  Use  of  Students.  By  Dr.  Daguenet. 
Translated  from  the  French,  by  Dr.  C.  S.  Jeaffreson,  f.r.c.s.e.  Illustrated. 
i2mo,  -  Price  $1.50 

"Its  portable  size,  the  condensed  nature  of  its  text,  and  the  admirably  systematic  arrangement  of  its  contents, 
render  it  extremely  useful  as  a  pocket  manual  for  Students. —  Translator' s Preface. 

DOBELL,  WINTER  COUGH  AND  CATARRH. 

On  Winter  Cough,  Catarrh,  Bronchitis,  Emphysema,  Asthma,  etc.  By 
Horace  Dobell,  m.d.,  Lecturer  at  the  Royal  Hospital  for  Diseases  of  the 
Chest.     Third  Edition,     With  Colored  Plates.     8vo.  Price  $3.50 

BY    SAME   AUTHOR. 

ON  LOSS  OF  WEIGHT.     Revised  Edition. 

Blood  Spitting  and  Lung  Disease.  Colored  Frontispiece  of  Lung.  Tabular 
Map,  etc.     Second  Edition  Enlarged.     8vo.  Price  ^4.00 

DOMVILLE,  ON  NURSING. 

A  Manual  for  Hospital  Nurses  and  others  engaged  in  attending  to  the  sick. 
4th  Edition.     With  Recipes  for  Sick  Room  Cookery,  etc.  Price  .75 

DRUITT'S  MODERN  SURGERY.     Eleventh  Edition. 

The  Surgeon's  Vade  Mecum;  a  Manual  of  Modern  Surgery.  By  Robert 
Druitt,  f.r.c.s.  Eleventh  Enlarged  Edition,  with  369  Illustrations.  864  pp. 
1878.  Price  ^5.00 

This  is  a  most  complete,  accurate,  and  trustworthy  Hand,  or  Text-Book  of  Sur- 
gery. Unrivaled  as  a  book  for  the  Student.  Fully  illustrated,  and  brought  up  to 
the  present  state  of  the  science.     In  use  in  many  Medical  Colleges. 

DULLES,  ACCIDENTS. 

What  to  Do  First,  In  Accidents  and   Poisoning.     By  C.  W.  Dulles,  m.d. 
Second  Edition,  Enlarged,  with  new  Illustrations.  Cloth,  .75 


"  Its  usefulness  entitles  it  to  a  wide  and  permanent 
circulation." — Boston  Gazette. 

"  A  complete  guide  for  sudden  emergencies. — Phila- 
delphia Ledger. 


"  So  plain  and  sensible  that  it  ought  to  be  introduced 
into  every  female  seminary. — Evening  Chronicle , 
Pittsburgh. 


EDWARDS,  BRIGHT'S  DISEASE.     New  Edition. 

How  a  Person  Affected  with  Bright's  Disease  Ought  to  Live.  By  Jos.  F.  Ed- 
wards, M.D.     Second  Edition.     i2mo.  Price  .75 

"  Physicians,  as  well  as  laymen,  will  find  the  work  interesting,  and  will  obtain  many  valuable  hints  as  to  the 
proper  hygiene  to  be  observed  in  this  disease." — Cincinnati  Medical  News. 

BY   SAME   AUTHOR. 

CONSTIPATION.     New  Edition. 

Plainly  Treated  and  Relieved  Without  the  Use  of  Drugs.  Second  Edition. 
i2mo.  Price  .75 

MALARIA. 

Malaria  :  What  It  Means ;  How  to  Escape  It ;  Its  Symptoms ;  When  and 
Where  to  Look  for  It.     i2mo.  Price  .75 

VACCINATION  AND  SMALL-POX. 

Showing  the  Reasons  in  favor  of  Vaccination,  and  the  Fallacy  of  the  Argu- 
ments Advanced  against  it,  with  Hints  on  the  Management  and  Care  of  SmaH- 
Pox  patients.     i6mo.  Price  .50 

These  are  invaluable  little  treatises  upon  subjects  that  enter  painfully  into  the 
life  experiences  of  a  large  majority  of  the  human  family.  Dr.  Edwards  shows  not 
only  how  they  may  be  avoided,  but  in  plain  and  simple  language  he  tells  those 
already  afflicted  with  them  how  they  may  find  relief. 
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ELLIS,  DISEASES  OF  CHILDREN. 

A  Practical  Manual  of  the  Diseases  of  Children,  with  a  Formulary,     By  Ed- 
ward Ellis,   m.d.      Late   Physician   to   the   Victoria   Hospital    for   Children. 


London.     Fourth  Edition  Enlarged.     Now  Ready. 


Price  $3.00 


BY   SAME  AUTHOR. 

WHAT  EVERY  MOTHER  SHOULD  KNOW. 

i2mo.  •  Price  .75 

"  It  is  only  too  true  that  our  children  have  to  dodge  through  the  early  part  of  life   as  through  a  labyrinth.  We 
must  be  thankful  to  meet  with  such  a  sensible  guide  for  them  as  Dr.  Ellis." — Pall  Mall  Gazette. 

FLUCKIGER,  THE  CINCHONA  BARKS. 

The  Cinchona  Barks  Pharmacognostically  Considered.  By  Professor  Fried- 
RICH  Fluckiger,  of  Strasburg.  Translated  by  Frederick  B.  Power,  ph.d., 
formerly  Professor  of  Chemistry,  Philadelphia  College  of  Pharmacy,  now  Pro- 
fessor of  Materia  Medica  and  Pharmacy,  University  of  Wisconsin.  With  8 
Lithographic  Plates.     Royal  Octavo.  In  Press. 

FENNER,  ON  VISION,   Second  Edition,   Enlarged. 

Vision ;  Its  Optical  Defects,  the  Adaptation  of  Spectacles,  Defects  of  Accommo- 
dation, etc.     By  C.  S.  Fenner,  m.d.     With  Test   Types   and  74   Illustrations. 


Second  Edition,  Revised  and  Enlarged.     8vo. 


Price  $3.50 


FENWICK,  THE  PRACTICE  OF  MEDICINE. 

Outlines  of  the  Practice  of  Medicine.     With  Appropriate  Formulae  and  Illus- 
trations.    By  Samuel  Fenwick,  m.d.,  Physician  to  the  London  Hospital.    i2mo. 

Price  ^1.25 

"This  little  work  displays  a  sound  judgment  in  the  arrangement  of  its  subject  matter,  and  an  intimate  acquaint- 
ance with  the  practice  of  medicine  possessed  by  but  few  writers,  and  should  have  been  elaborated  into  a  more 
comprehensive  work.     Of  all  the  hand-books  we  have  seen,  this  is  certainly  one  of  the  best." — Medical  Herald. 

"  It  is  an  eminently  practical  little  treatise,  pervaded  with  much  common  sense,  and  will  doubtless  be  found 
useful,  particularly  by  advanced  students." — Boston  Medical  and  Surgical  journal. 


BY   SAME   AUTHOR. 

ON  THE  STOMACH. 

Atrophy  of  the  Stomach  and  Its  Effect  on  the  Nervous  Affections  of  the  Digest- 
ive Organs.     8vo.  Price  $3.20 

FOTHERGILL,  ON  THE  HEART.     Second  Edition. 

The  Heart  and  Its  Diseases.  With  Their  Treatment.  Including  the  Gouty 
Heart.  By  J.  Milner  Fothergill,  m.d.,  Associate  Fellow  of  the  College  of 
Physicians  of  Philadelphia.      Second  Edition,    Entirely   Re-written.      Octavo. 

Price  I3.50 


"  It  is  the  best,  as  well  as  the  most  recent  work  on 
the  subject  in  the  English  language." — Medical  Press 
and  Circular. 

"  The  most  interesting  chapter  is  undoubtedly  that 
on  the  gouty  heart,  a  subject  which  Dr.  Fothergill  has 
specially  studied,  and  on  which  he  entertains  views 
such  as  are  likely,  we  think,  to  be  generally  accepted 
by  clinical  physicians,  although  they  have  not  before 
been  stated,  so  far  as  we  are  aware,  with  the  same 
breadth  of  view  and  extended  illustration." — British 
Medical  Journal. 


"  To  many  an  earnest  student  it  will  prove  a  light  in 
darkness ;  to  many  a  practitioner  cast  down  with  a 
sense  of  his  powerlessness  to  cope  with  the  rout  and 
demoralization  of  Nature's  forces,  a  present  help  in 
time  of  trouble." — Philadelphia  Medical  Times. 

"  The  work  throughout  is  a  masterpiece  of  graphie, 
lucid  writing,  full  of  good,  sound  teaching,  which  will 
be  appreciated  alike  by  the  practitioner  and  the  stu- 
dent."— Students'  Journal. 


FULTON,  ON  PHYSIOLOGY. 

A    Text-Book   of    Physiology.     By   J.    FuLTON,    M.D.,  Professor   at    Trinity 
Medical   College,    Toronto.     Second   Edition,  Illustrated   and   Revised.     8vo. 

^  Price  $4.00 
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FLOWER,  DIAGRAMS  OF  THE  NERVES. 

Diagrams  of  the  Nerves  of  the  Human  Body.  Exhibiting  their  Origin, 
Divisions,  and  Connections,  with  their  Distribution  to  the  various  Regions  of  the 
Cutaneous  Surface,  and  to  all  the  Muscles.  By  William  H.  Flower,  f.r.c.s., 
F.R.S.,  Hunterian  Professor  of  Comparative  Anatomy,  and  Conservator  of  the 
Museum  of  the  Royal  College  of  Surgeons.  Third  Edition,  thoroughly  revised. 
With  six  Large  Folio  Maps,  or  Diagrams.     Royal  Quarto.  Price  ^3.50 

"  Admirably  arranged,  and  will  be  of  incalculable  aid  to  the  student  of  anatomy.  Each  of  the  large  and 
beautiful  plates  is  accompanied  with  explanatory  text." — N.  Y.  Medical  Record. 

"  The  nerves  and  ganglia  are  clearly  represented.  The  impressions  are  well  made,  and  no  doubt  the  diagrams 
will  prove  useful." — Medical  and  Surgical  Reporter. 

FLAGG,  PLASTIC  FILLING. 

Plastics  and  Plastic  Filling ;  As  Pertaining  to  the  Filling  of  all  Cavities  of  De- 
cay in  Teeth  below  Medium  in  Structure,  and  to  Difficult  and  Inaccessible 
Cavities  in  Teeth  of  all  Grades  of  Structure.  With  some  beautifully  executed 
Illustrations.  By  J.  Foster  Flagg,  d.d.s..  Professor  of  Dental  Pathology  and 
Therapeutics  in  Philadelphia  Dental  College.     Octavo.  Price  $3.00 

FOX,  WATER,  AIR  AND  FOOD. 

Sanitary  Examinations  of  Water,  Air  and  Food. 
M.D.     94  Engravings.     8vo. 


By  Cornelius  B.  Fox, 
Price  S4.00 


FOSTER,  CLINICAL  MEDICINE. 

Lectures  and  Essays  on  Clinical  Medicine.     By  Balthazar  Foster,  m.d. 
Illustrated.     8vo.  Price  S3.00 


"No  one  can  peruse  the  thoughtful  comments  of  our 
author  upon  every  subjecthe  considers,  without  feeling 
himself  a  wiser  man  for  his  pains." — N.  V.  Medical 
"jfournal. 


"  Tt  is  the  record  of  honest  work,  such  as  Dr.  Foster 
may  be  proud  of;  we  can  recommend  it  to  the  profession; 
it  may  be  read  with  profit  and  advantage  by  both  prac- 
titioner and  student. — Edinburgh  Medical  yournal. 


FOX,  ATLAS  OF  SKIN  DISEASES. 

Complete  in  Eighteen  Parts,  each  containing  Four  Chromo-Lithographic  Plates, 
with  Descriptive  Text  and  Notes  upon  Treatment.  In  all  72  large  colored  Plates. 
By  Tilbury  Fox,  m.d.,  f.r.c.p.,  Physician  to  the  Department  for  Skin  Diseases 
in  University  College  Hospital.     Folio  Size. 

Price  $1.00  each,  or  complete,  bound  in  cloth,  $20.00 

No  Atlas  of  Skin  Diseases  has  been  issued  in  this  country  for  many  years,  and  no 
complete  work  of  the  kind  is  now  procurable  by  the  Profession.  This  one,  brought 
out  under  the  editorial  supervision  and  care  of  Dr.  Tilbury  Fox  (the  most  distin- 
guished writer  on  Cutaneous  Medicine  now  in  the  English  language),  is  partly  based 
upon  the  classical  work  of  Willan  and  Bateman  (now  entirely  out  of  print),  but  com- 
pletely remodeled,  so  as  to  represent  fully  the  Dermatology  of  the  present  day. 

"  Preference  will  be  given  to  this  work  over  Hebra ;  not  simply,  however,  because  it  is  a  home  production,  but 
by  reason  of  the  manner  of  its  execution,  the  excellent  delineation  of  disease,  and  the  natural  coloring  of  the  plates. 
.     .     The  letter-press  is  entirely  new.     In  the  accuracy  of  the  latter  the  subscriber  may  have  the  fullest  confi- 
dence, since  it  is  from  the  pen  of  Dr.  Tilbury  Fox." — British  and  Foreign  Medico- Chirurgical  Review. 

FRANKLAND,  WATER  ANALYSIS. 

Water  Analysis,  For  Sanitary  Purposes,  with  Hints  for  the  Interpretation  of 
Results.     By  E.  Frankland,  m.d.,  f.r.s.     Illustrated.     l2mo.  Price  $1.00 

"  The  work  is  one  which  physicians  practicing  ia 
the  country  and  in  villages  and  towns  remote  from 
medical  centres  cannot  afford  to  be  without." — Medical 
and  Surgical  Reporter. 


"  The  author's  world-wide  reputation  will  commend 
this  manual  to  all  sanitarians,  and  they  will  not  be  dis- 
appointed in  finding  all  the  essentials  of  the  important 
subject  of  which  it  treats." — The  Sanitarian. 


BY  same   author. 

CHEMISTRY. 

How  to  Teach  Chemistry;  being  Six  Lectures  to  Science  Teachers.     Edited 
by  G.  George  Chaloner,  f.c.s.       -  -  ^        ^_    - 


Illustrated.     i2mo. 


Price  $1.25 
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GILLIAM'S  PATHOLOGY.     Illustrated. 

The  Essentials  of  Pathology;  a  Handbook  for  Students.  By  D.Tod  Gilliam, 
M.D.,  Professor  of  Physiology,  formerly  Professor  of  Pathology,  Starhng  Medical 
College,  Columbus,  O.     With  47  Illustrations.     i2mo.  Cloth,.  $2.00 

GALLABIN,  DISEASES  OF  WOMEN. 

The  Student's  Guide  to  the  Diseases  of  Women.  By  A.  Lewis  Gallabin,  m.a., 
M.D.,  F.R.c.P.     Illustrated  with  63  Engravings.     i2mo.  Price  $1.25 

BY   SAME   AUTHOR. 

A  MANUAL  OF  MIDWIFERY. 

For  Students  and  Practitioners.     Illustrated.  In  Press. 

%;*  Prof.  Gallabin  is  Obstetric  Physician  to  Guy's  Hospital,  London,  and  occupies 
the  chair  of  Midwifer)^  in  that  Institution.  His  work  in  this  department  has  been 
noted  for  its  perfection  and  practical  character. 

GROSS,  BIOGRAPHY  OF  JOHN  HUNTER. 

John  Hunter  and  His  Pupils.  By  S.  D.  Gross,  m.d..  Professor  of  Surgery  inv 
Jefferson  Medical  College,  Philadelphia.  With  a  beautifully  executed  full  length . 
Portrait  of  the  Author  in  his  Study.  A  Handsome  Octavo  volume.  Bound  in 
Beveled  Cloth.  Price  $1.50 

"  It  is  refreshing  to  read  the  story  of  a  life  so  fully  devoted  to  science,  and  the  reader  will  readily  appreciate 
Professor  Gross's  enthusiasm  for  his  subject,  which  led  him  to  extend  what  was  originally  intended  for  an  essay  to 
its  present  size. 

''  The  phototype  of  Sharp's  well-known  engraving  of  Sir  Joshua  Reynold's  portrait  is  an  excellent  reproduction, 
and  forms  a  fitting  and  handsome  frontispiece. 

"  The  volume  will  prove  an  ornament  to  the  study  table,  where  it  will  be  a  constant  incentive  to  whatever  is 
best  and  noblest  in  a  noble  profession." — Bsston  Med.  and  Surgical  Journal. 

BY   SAME   AUTHOR. 

AMERICAN  MEDICAL  MEN. 

American  Medical  Biography  of  the  Nineteenth  Century,  with  portrait  of  Di. 
Benjamin  Rush.     Large  8vo. 

GLISAN,  TEXT-BOOK  OF  MODERN  MIDWIFERY. 

A  Text-Book  of  Modern  Midwifery.  By  Rodney  Glisan,  m.d..  Emeritus 
Professor  of  Midwifery  and  Diseases  of  Women  and  Children  in  the  Medical 
Department  of  Willamette  University,  Portland,  Oregon,  and  Late  President 
of  the  Oregon  State  Medical  Society.  With  129  Illustrations.  One  Volume, 
octavo,  624  pp.  Price,  in  Cloth  M-oo;  in  Leather  ^5.00 

GILL,  ON  INDIGESTION.     Third  Edition. 

Indigestion  ;  What  It  Is ;  What  It  Leads  To  ;  and  a  New  Method  of  Treating 
It.     By  John  Beadnell  Gill,  m.d.      Third   Edition.     i2mo.  $1-25 

GANT,  ON  THE  BLADDER  AND  PROSTATE. 

Diseases  of  the  Bladder  and  Prostate  Gland  and  Urethra,  including  a  Practical 
View  of  Urinary  Diseases,  Deposits  and  Calculi.  Fourth  Edition,  Revised  and 
Enlarged,  with  New  Illustrations.     i2mo.  Price  $3.00 

GIBBES,  STUDENT'S  PATHOLOGY. 

Practical  Histology  and  Pathology.  By  Heneage  Gibbes,  m.b.  i2mo. 
Cloth.  Price  ^2.00 

Chap.  i.  Introduction.  2.  On  Preparing  Tissues  for  Examination.  3.  On  Cutting  Sections.  4.  On  Staining. 
5.  On  Double  Staining.  6.  On  Mounting.  7.  Method  of  Obtaining  Animal  Tissues,  etc.  Practical  Histology, 
Pathoiogy,  Memoranda  and  Formulae. 

"  This  excellent  little  work  is  admirably  adapted  to  fulfill  the  purpose  for  which  it  has  been  written.  It  is 
short,  clear,  and  eminently  practical.  The  author  is  evidently  an  accompHshed  histologist,  and  his  book  conveys 
the  impression  that  it  is  based  upon  his  own  personal  experience." — The  London  Medical  Record. 
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GODLEE'S  ATLAS  OF  HUMAN  ANATOMY. 

Illustrating  most  of  the  Ordinary  Dissections  and  many  not  usually  practiced 
by  the  Student.  Accompanied  by  References  and  an  Explanatory  Text.  Com- 
plete. Folio  Size.  48  Colored  Plates.  By  Rickman  John  Godlee,  m.d., 
F.R.c.s,  Forming  a  large  Folio  Volume,  with  References,  and  an  Octavo 
Volume  of  Letter-press. 

Price  of  the  two  Volumes,  Atlas  and  Letter-press,  Cloth,  $20.00 

"  It  is  likely  to  prove  as  useful  to  the  physician  and  |  "  The  explanatory  text  is  concise,  well  written,  and 
surgeon  as  to  the  anatomist." — Medical  Tivies  and  contains  many  valuable  suggestions  for  the  surgeon." 
Gazette.  \    — London  Lancet. 

GOWERS,  SPINAL  CORD. 

Diagnosis  of  Diseases  of  the  Spinal  Cord.  With  Colored  Plates  and  Engrav- 
ings. A  Second  Edition.  Revised  and  Enlarged.  By  William  R.  Cowers, 
M.D.,  Assistant  Professor  Clinical  Medicine,  University  College,  London.  8vo. 
Second  Edition.  Price  $1.50 

BY   SAME  AUTHOR. 

OPHTHALMOSCOPY. 

A  Manual  and  Atlas  of  Medical  Ophthalmoscopy.  With  16  Colored  Auto- 
type and  Lithographic  Plates  and  26  Wood  Cuts,  comprising  112  Original  Illus- 
trations of  the  Changes  in  the  Eye  in  Diseases  of  the  Brain,  Kidneys,  etc.   Svo. 

Price  ^6.00 

EPILEPSY  AND  ITS  TREATMENT. 

Epilepsy  and  other  Chronic  Convulsive  Diseases  :  Their  Causes,  Symptoms, 
and  Treatment.     Octavo.      Just  Ready.  Price,  Cloth,  $4.00 

NERVOUS  DISEASES. 

A  Manual  of  Diseases  of  the  Nervous  System,  for  Practitioners  and  Students. 

In  Press. 

"  Dr.  Gowers.  while  profoundly  conversant  with  the  literature  of  his  subject,  has  not  allowed  himself  to  be 
influenced  to  an  undue  extent  by  the  writings  of  others,  but  while  fairly  stating  their  views,  where  this  is  neces- 
sary, he  at  the  same  time  brings  to  bear  upon  them  the  experience  derived  from  his  own  extensive  observations, 
and  when,  consequently,  they  receive  confirmation  or  not  at  his  hands,  they  are  all  the  more  valuable  as  being  the 
outcome  of  the  most  searching  and  unbiased  criticism.  It  would  be  impossible,  within  the  limits  of  a  short  re- 
view, to  convey  an  adequate  idea  of  the  extent  of  Dr.  Gowers'  work." — Edinburgh  Medical  jfournal. 

GREENHOW,  BRONCHITIS. 

On  Chronic  Bronchitis,  especially  as  connected  with  Gout,  Emphysema,  and 
Diseases  of  the  Heart.     By  E.  Headlam  Greenhow,  m.d.  i2mo.      Price  %\.^o 

BY    SAME  AUTHOR, 

ADDISON'S  DISEASE. 

Being  the  Croonian  Lectures,  delivered  before  the  Royal  College  of  Physi- 
cians, London.     Revised  and  Illustrated  by  Plates  and  Reports  of  Cases.     Svo. 

Price  $3.00 

"The  book  forms  a  most  interesting  and  valuable  monograph,  comprehensive  and  exhaustive." — British 
Medical  Journal, 

HUGHES,  COMPEND  OF  THE  PRACTICE  OF  MEDICINE. 

A  Compend  of  Practice.  By  Daniel  E.  Hughes,  m.d.,  Demonstrator  of 
Clinical  Medicine  at  Jefferson  Medical  College,  Philadelphia.     In  two  parts — 

Part  I. — Continued,  Eruptive,  and  Periodical  Fevers,  Diseases  of  the  Stom- 
ach Intestines,  Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  etc.,  and  General 
Diseases,  etc. 

Part   II. — Diseases   of  the    Respiratory    System,    Circulatory    System,   and 
Nervous  System  ;  Diseases  of  the  Blood,  etc. 
Price  of  each  Part,  in  Cloth,  $1.00;  interleaved  for  the  addition  of  Notes,  $i.-2$ 

*:,*  These  little  books  can  be  regarded  as  a  full  set  of  notes  upon  the  Practice 
of  Medicine,  containing  the  Synonyms,  Definitions,  Causes,  Symptoms,  Prog- 
nosis, Diagnosis,  Treatment,  etc.,  of  each  disease,  and  including  a  number  of 
new  prescriptions.  They  have  been  compiled  from  the  lectures  of  prominent 
Professors,  and  reference  has  been  made  to  the  latest  writings  of  Professors 
Flint,  Da  Costa,  Reynolds,  Bartholow,  Roberts  and  others. 
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HABERSHON,  ON  THE  STOMACH. 

On  Diseases  of  the  Stomach — The  Varieties  of  Dyspepsia — Their  Diagnosis 
and  Treatment.  By  S.  O.  Habershon,  m.d.,  f.r.c.p.,  Senior  Physician  to,  and 
Late  Lecturer  on,  the  Principles  and  Practice  of  Medicine  at  Guy's  Hospital. 
Third  Edition,  Revised.     Crown  8vo.  Price  $1.25 

"As  an  expression  of  the  results  of  long  personal  experience  in  both  hospital  and  private  practice,  conveyed 
in  agreeable  though  not  always  perspicuous  diction,  this  contribution  of  Dr.  Habershon's  has  special  value  of  its 
own,  and  is  so  far  entitled  to  the  favorable  consideration  of  the  practitioner,  as  is  already  testified  by  a  demand 
for  a  third  edition." — American  yournal  of  Medical  Scietices. 

HALE,  ON  CHILDREN. 

The  Management  of  Children  in  Health  and  Disease.  A  Book  for  Mothers. 
By  Mrs.  Amie  M.  Hale,  m.d.  Abounding  in  valuable  information  and  com- 
mon sense  advice.     New  Enlarged  Edition.     i2mo.  Price  .75 

"  We  shall  use  our  influence  in  the  introduction  of  this  work  to  families  under  our  care,  and  we  urge  the  pro- 
fession generally  to  follow  our  example." — Buffalo  Medical  and  Surgical  jfoumal. 

HORWITZ,  COMPEND  OF  SURGERY. 

A  Compend  of  Surgery,  including  Minor  Surgery,  Amputations,  Fractures, 
Ligatures,  Dislocations,  Surgical  Diseases,  etc.,  with  Differential  Diagnosis  and 
Treatment.     By  Orville  Horwitz,  b.s.,  m.d.,  with  Illustrations.  i2mo. 

Cloth,  $1.00 

HARDWICKE,  MEDICAL  EDUCATION. 

Medical  Education  and  Practice  in  All  Parts  of  the  World.  Containing 
Regulations  for  Graduation  at  the  Various  Universities  throughout  the  World. 
By  Herbert  Junius  Hardwicke,  m.d.,  m.r.c.p.     8vo.  ,  Price  ^3.00 

"  Dr.  Hardwicke's  book  will  prove  a  valuable  source  of  information,  to  those  who  may  desire  to  know  the 
conditions  upon  which  medical  practice  is  or  may  be  pursued  in  any  or  every  countrjf  of  the  world,  even  to  the 
lemotest  corners  of  the  earth.  Thework  has  been  compiled  with  great  care,  and  must  have  required  a  vast 
amount  of  labor  and  perseverance  on  the  part  of  its  author." — Dublin  Medical  jfoumal. 

HARLEY,  ON  THE  LIVER.     Illustrated. 

On  Diseases  of  the  Liver,  with  or  without  Jaundice.  Diagnosis  and  Treat- 
ment. By  George  Harley,  m.d.  Author  of  the  Urine  and  Its  Derangements. 
With  Colored  Plates  and  Numerous  Illustrations.     Royal  Octavo. 

Price,  Cloth,  $5.00  ;  Leather,  $6.00, 

"  The  whole  subject-matter  is  treated  in  a  masterly 
manner,  and  the  work  is  destined  to  find  a  place 
among  the  classics." — Medical  Herald,  Louisz'ille, 
Ky. 

"  It  is  the  outcome  of  a  mind  that  went  to  its  task 
amply  equipped  therefor.  It  is  the  product  of  long 
thinking  and  ripe  judgment.  .  .  .  We  must  con- 
tent ourselves  with  this  bare  statement,  hoping  that 
those  who  read  the  b^ok  will  derive  as  much  benefit  as 
ourselves." — New  Orleans  Medical  and  Surgical 
yournal. 


"  It  is  one  o{  the  yres/iesi,  most  readable,  and  most 
instructive  medical  books  that  have  been  laid  upon  our 
table  during  the  present  decade.  .  .  In  conclusion, 
we  commend  again  most  heartily  Dr.  Harley's 
extremely  valuable  book." — Philadelphia  Medical 
Times. 

"  The  work  is  far  in  advance,  in  original  and  prac- 
tical information,  of  any  treatise  on  the  subject  with 
A'hich  we  are  acquainted,  and  is  worth  many  times  its 
cost  to  any  physician  treating  hepatic  troubles." — 
Chicago  Medical  Times. 

HOLDEN,  HUMAN  OSTEOLOGY.     Sixth  Edition. 

Comprising  a  Description  of  the  Bones,  with  Colored  Delineations  of  the  At- 
tachments of  the  Muscles.  The  General  and  Microscopical  Structure  of  Bone 
and  its  Development.  By  the  Author  and  A.  Doran,  f.r.c.s.,  with  Lithographic 
Plates,  etc.  By  Luther  Holden,  f.r.c.s.  Numerous  Illustrations.  Sixth 
Edition,  carefully  Revised.  Price  ^6.00 

BY  SAME   AUTHOR. 

ANATOMY. 

Manual  of  Dissections  of  the  Human  Body.  Fourth  London  Edition.  With 
170  Illustrations.  Price  $5.50 

LANDMARKS. 

Landmarks,  Medical  and  Surgical.  Third  London  Edition.  Revised  and 
Enlarged.  Price  jj^i.oo 

"Mr.  Holden  is  the  happy  possessor  of  the  faculty  of  writing  interesting  works  on  Anatomy.  A  part  of  the 
charm  consists  in  the  frequent  references  to  practical  points,  and  in  the  explanation  of  the  advantages  ait'  objects 
of  details  of  structures." — Boston  Medical  and  Surgical  yournal. 
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HEATH'S    OPERATIVE-SURGERY. 

A  Course  of  Operative  Surgery,  consisting  of  a  Series  of  Plates,  each  plate 
containing  Numerous  Figures,  Drawn  from  Nature  by  the  Celebrated  Anatomi- 
cal Artist,  M.  Leveille.  of  Paris,  Engraved  on  Steel  and  Colored  by  Hand, 
under  his  immediate  superintendence,  with  Descriptive  Text  of  Each  Operation. 
By  Christopher  Heath,  f.r.c.s.,  Surgeon  to  University  College  Hospital,  and 
Holme  Professor  of  Clinical  Surgery  in  University  College,  London.  One  Large 
Quarto  Volume.  Price  $14.00 

The  author  has  embodied  in  this  work  the  experience  gained  by  him  during 
twenty  years  of  surgical  teaching.  It  comprises  all  the  operations  that  are  required 
in  ordinary  surgical  practice.  He  has  selected  for  illustration  and  description  those 
methods  which  appear  to  give  the  best  results  in  practice,  referring  to  the  errors 
likely  to  occur  and  the  best  methods  of  avoiding  them. 

BY   SAME   author. 

THE   STUDENT'S  GUIDE  TO  SURGICAL   DIAGNOSIS. 

i:2mo.  Price  $1.25 

"  Mr.  Heath  is  so  well  known,  both  as  a  practical  surgeon,  teacher  and  writer,  that  anything  from  his  pen  re- 
quires no  introduction  from  the  hands  of  reviewers,  and  scarcely  any  notice  but  the  announcement  of  the  fact  that 
he  has  written  a  book." — Medical  Record. 

A  MANUAL  OF    MINOR    SURGERY   AND   BANDAGING. 

Sixth    Edition,    Revised    and   Enlarged.      With    115    Illustrations.       i2mo. 

Price  |2.oo 

"This  excellent  work  should  not  be  termed  a  '  Minor'  Surgery,  but  it  really  consists  of  the  sum  and  substance 
of  Practical  surgery.     We  would  not  exchange  it  for  any  book  in  our  possession." — Southern  Clinic. 

HEATH'S  PRACTICAL  ANATOMY.     Fifth  London  Edition. 

Practical  Anatomy.  A  Manual  of  Dissections.  Fifth  London  Edition.  24 
Colored  Plates,  and  nearly  300  other  Illustrations.     Just  Ready.  Price  $5.00 

INJURIES  AND  DISEASES  OF  THE  JAWS. 

The  Jacksonian  Prize  Essay  of  the  Royal  College  of  Surgeons  of  England, 
1867.     Second  Edition,  Revised,  with   over   150  Illustrations.     Octavo. 

Price  $4-25 
HOOD,  ON  GOUT  AND  RHEUMATISM. 

A  Treatise  on  Gout,  Rheumatism,  and  the  AUied  Affections.  Their  Treat- 
ment, Complications,  and  Prevention.  By  Peter  Hood,  m.d.  Second  Edi- 
tion, Revised  and  Enlarged.     With  some  Considerations  on  Longevity.  Octavo. 

Price  I3.50 

"  The  Observations  on  Treatment  are  specially  to  be  commended." — London  Lancet.  ^ 

HOLDEN,  THE  SPHYGMOGRAPH. 

The  Sphygmograph.  Its  Physiological  and  Pathological  Indications.  By 
Edgar  Holden,  m.d.  Illustrated  by  Three  Hundred  Engravings  on  Wood. 
8vo.  Price  ;f 2.00 

HOLMES,  THE  LARYNGOSCOPE. 

A  Guide  to  the  Use  of  the  Laryngoscope  in  General  Practice.  By  Gordon 
Holmes,  m.d..  Physician  to  the  Throat  and  Ear  Infirmary.     i2mo.     Price  $1.00 

BY   SAME  author. 

VOCAL  PHYSIOLOGY. 

Vocal  Physiology  and  Hygiene.  With  reference  to  the  Cultivation  and 
Preservation  of  the  Voice.     Illustrated.     i2mo.  Price  $2.00 

HOFF,  ON  H-^MATURIA. 

Hsematuria  as  a  Symptom  of  the  Diseases  of  the  Genito-Urinary  Organs.  By 
O.  HoFF,  m.d.     Illustrated.     i2mo.  Price  .75 
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HUNTER,  MECHANICAL  DENTISTRY. 

A  Practical  Treatise  on  the  Construction  of  the  Various  kinds  of  Artificial 
Dentures,  with  Formulas,  Receipts,  etc.  By  Charles  Hunter,  d.d.s.  100 
Illustrations.     i2mo.  Price  $1.50 

"  It  is  the  outcome  of  his  own  experience  of  some  twenty  years  as  a  Mechanical  Dentist,  and  contains,  moreover, 
much  derived  from  practical  knowledge  of  other  dentists.  The  value  of  the  book  is  also  much  added  to  by  illus- 
Irations.  It  will  be  very  useful  to  the  Dental  Student,  and  to  all  Mechanical  Dentists." — London  Medical  Times 
And  Gazette. 

HUTCHINSON'S    ILLUSTRATIONS    OF    CLINICAL   SUR- 
GERY.    First  Volume  Complete. 

Consisting  of  Plates,  Photographs,  Woodcuts,  Diagrams,  etc.  Illustrating 
Surgical  Diseases,  Symptoms,  and  Accidents;  also  Operations  and  other 
Methods  of  Treatment.  With  Descriptive  Letter-press.  By  Jonathan  Hutch- 
inson, F.R.C.S.,  Senior  Surgeon  to  the  London  Hospital,  Surgeon  to  the  Moor- 
fields  Ophthalmic  Hospital,  and  to  the  Hospital  for  Diseases  of  the  Skin,  Black- 
friars.  In  Quarterly  Fasciculi.  Imperial  4to.  Volume  i.  (Ten  Fasciculi)  bound 
complete  in  itself.  Price  $25.00.  Parts  Eleven  to  Fifteen  of  Volume  2,  Now- 
Ready.  Each,  $2.50 

HEWITT,  DISEASES  OF  WOMEN.     Fourth  Edition. 

The  Diagnosis,  Pathology,  and  Treatment  of  Diseases  of  Women,  Including 
the  Diagnosis  of  Pregnancy.  Founded  on  a  Course  of  Lectures  Delivered  at  St. 
Mary's  Hospital  Medical  School.  By  Graily  Hewitt,  m.d.,  Lond.,  m.r.c.p., 
Physician  to  the  British  Lying-in  Hospital ;  Lecturer  on  Midwifery  and  Diseases 
of  Women  and  Children  at  St.  Mary's  Hospital  Medical  School;  Honorary. 
Secretary  to  the  Obstetrical  Society  of  London,  etc.  The  Fourth  American 
Edition.     Revised  and  Enlarged,  with  New  Illustrations.     Octavo. 

Price,  Paper,  $1.50;  Cloth,  $2.50 


"Readers  of  the  former  editions  will  not  require  to 
be  told  that  the  additions  now  made  are  of  the  highest 
possible  excellence." — Tifnes  and  Gazette. 

"  It  is  one  of  the  most  useful,  practical,  and  compre- 
hensive works  upon  the  subject  in  the  English  language, 
a  true  guide  to  the  student,  and  an  invaluable  means  of 
reference  for  the  teacher." — N.  Y.  Medical  Record. 


"  The  excellent  work  of  Dr.  Hewitt  presents — in  a 
form  well  adapted  to  conduct  the  student  to  a  knowledge 
of  the  Diseases  of  Women,  and  to  assist  the  young 
practitioner  in  his  study  of  these  diseases  at  the  bedside 
of  the  patient — a  very  full  and  clear  exposition  of  the 
views  entertained  by  the  most  authoritative  teachers  as 
to  their  pathological  treatment  and  their  correct  Diag- 
nosis."— Amer.  Med.  yournal. 

HAY,  SARCOMATOUS  TUMOR. 

History  of  a  Case  of  Recurring  Sarcomatous  Tumor  of  the  Orbit  in  a  Child. 
By  Thomas  Hay,  m.d.     Illustrated.     Paper.  Price  .50 

HEWSON,  EARTH  IN  SURGERY. 

Earth  as  a  Topical  Application  in  Surgery,  Being  a  Full  Exposition  of  its  Use 
in  Cases  Requiring  Topical  Applications.  By  Addinell  Hewson,  m.d.  Illus- 
trated.   8vo.  Price  $2.50 

HODGE,  ON  ABORTION. 

On  Foeticide  or  Criminal  Abortion.     By  Hugh  L.  Hodge,  m.d. 

Price,  Paper,  .30;  Cloth,  .50 
HODGE,  CASE-BOOK. 

Note-Book  for  Cases  of  Ovarian  Tumors.  By  H.  Lennox  Hodge,  m.d.  With 
Diagrams.  Price,  Paper,  .50 

HIGGINS,  DISEASES  OF  THE  EYE.     Now  Ready. 

A  Hand-Book  of  Ophthalmic  Practice.  By  Charles  Higgins,  f.r.c.s. 
Ophthalmic  Assistant  Surgeon    at  Guy's   Hospital.      Second  Edition.      i6mo. 

Price  .50 

Contents.— Section  i.  Discharge  from  the  Eyes.  ii.  Intolerance  of  Light,  in.  Iritis  and  Glaucoma,  iv. 
Diseases  of  the  Eyelids,  v.  Watering  of  the  Eye.  vi.  Acuteness  of  Vision,  Field  of  Vision,  Anomalies  of  Re- 
fraction, Astigmatism,  Accommodation,  Presbyopia,  vii.  Disturbance  of  Vision,  Use  of  the  Ophthalmoscope; 
Normal  and  Morbid  Appearances,     vm.  Injuries. 

"We  have  rarely  seen  so  much  important  information  condensed  in  so  short  a  space." — American  Medical 
fournal. 
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HARRIS,  THE  PRACTICE  OF  DENTISTRY.     Tenth  Edition. 

The  Principles  and  Practice  of  Dentistry.  Tenth  Revised  Edition.  In  great 
part  Rewritten,  Rearranged,  and  with  many  new  and  important  Illustrations. 
By  Chapin  a.  Harris,  m.d.,  d.d.s.  Edited  by  P.  H.  Austen,  m.d..  Professor 
of  Dental  Science  and  Mechanism  in  the  Baltimore  College  of  Dental  Surgery. 
With  nearly  400  Illustrations.     Royal  Octavo.    Price,  Cloth,  ^6.50 ;  Leather,  $7.50 

This  new  edition  of  Dr.  Harris'  work  has  been  thoroughly  revised  in  all  its  parts, 
more  so  than  any  previous  edition.  So  great  have  been  the  advances  in  many 
branches  of  dentistry  that  it  was  found  necessary  to  rewrite  the  articles  or  subjects, 
and  this  has  been  done  in  the  most  efficient  manner  by  Professor  Austen,  for  many 
years  an  associate  and  friend  of  Dr.  Harris,  assisted  by  Professor  Gorgas  and  Thomas 
S.  Latimer,  m.d.  The  publishers  feel  assured  that  it  will  now  be  found  the  most 
complete  text-book  for  the  student,  and  guide  for  the  practitioner  in  the  English 
language. 

BY    SAME   AUTHOR. 

MEDICAL  AND  DENTAL  DICTIONARY.     Fourth  Edition. 

A  Dictionary  of  Medical  Terminology,  Dental  Surgery,  and  the  Collateral 
Sciences.  Fourth  Edition,  Carefully  Revised  and  Enlarged.  By  Ferdinand 
J.  S.  Gorgas,  m.d.,  d.d.s.,  Professor  of  Dental  Surgery  in  the  Baltimore  College, 
etc.     Royal  Octavo.  Price,  Cloth,  I6.50;  Leather,  I7. 50 

This  Dictionary,  having  passed  through  three  editions,  and  been  for  some  time 
out  of  print,  has  been  again  carefully  revised  by  F.  J.  S.  Gorgas,  m.d.,  Dr.  Harris' 
successor  as  Professor  of  Dental  Surgery  in  the  Baltimore  College  of  Dental  Surgery. 
In  his  preface  to  this  new  edition,  the  editor  says  : — 

"  The  object  of  the  reviser  has  been  to  bring  the  book  thoroughly  up  to  the  pres- 
ent requirements  of  the  profession,  the  Medical  T^orixon  having  been  as  carefully  re- 
vised and  added  to  as  that  devoted  more  especially  to  Dental  Science,  while  a 
number  of  obsolete  terms  and  methods  have  been  omitted.  In  nearly  every  one  of 
the  seven  hundred  and  forty-three  pages  of  the  former  edition  corrections  and  addi- 
tions have  been  made,  and  many  new  processes,  terms  and  appHances  described, 
some  of  which  are  not  found  in  any  other  work  published." 

HANDY,  ANATOMY. 

Text-Book  of  Anatomy  and  Guide  to  Dissections.  For  the  Use  of  Students. 
By  W.  R.  Handy,  m.d.     312  Illustrations.  Price  $3.00 

HILLIER,  DISEASES  OF  CHILDREN. 

A  Clinical  Treatise  on  the  Diseases  of  Children.  By  Thomas  Hillier,  m.d. 
8vo.  Price  $2.oa 

HUFELAND,  LONG  LIFE. 

The  Art  of  Prolonging  Life.  By  C.  W.  Hufeland.  Edited  by  Erasmus 
Wilson,  m.d.     i2mo.  Price  $1.09 

"We  wish  all  doctors  and  all  their  intelligent  clients  would  read  it,  for  surely  its  perusal  would  be  attended 
-ivith  pleasure  and  benefit." — American  Practitioner. 

"  It  certainly  should  be  in  the  library  of  every  physician." — Medical  Brief. 

HUNTER,  PORTRAIT  OF. 

Portrait  of  John  Hunter.  From  Sharp's  well-known  Engraving ;  a  copy  of 
Sir  Joshua  Reynold's  Portrait.  For  Framing.  Large  size,  9x11;  sheet  16  x  20. 
Price,  in  the  Sheet,   sent  free  by  mail,  50  cents ;    or,  Handsomely   Framed^ 

Price  ^2.00 
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HEADLAND,  THE  ACTION  OF  MEDICINES.       Ninth  Edition. 

On  the  Action  of  Medicines  in  the  System.  By  F.  W.  Headland,  m.d. 
Ninth   American  Edition,  Revised  and  Enlarged.    8vo.  Price  ^3.00 

"  It  displays  in  every  page  the  evidence  of  extensive  knowledge  and  of  sound  reasoning;  it  will  be  useful  alite 
to  those  who  are  just  commencing  their  studies,  and  to  those  who  are  engaged  in  the  active  pursuits  of  pro- 
fessional life." — Medical  Times. 

"  The  very  favorable  opinion  which  we  were  amongst  the  first  to  pronounce  upon  this  essay  has  been  fully 
confirmed  by  the  general  voice  of  the  profession,  and  Dr.  Headland  may  now  be  congratulated  on  having  pro- 
duced a  treatise  which  has  been  weighed  in  the  balance,  and  found  worthy  of  being  ranked  with  our  standard 
medical  works." — London  Lancet. 

JAMES,  SORE  THROAT. 

On  Sore  Throat,  Its  Nature,  Varieties  and  Treatment,  Including  its  Con- 
nection with  other  Diseases.  By  Prosser  James,  m.r.c.p.  Fourth  Edition, 
Revised  and  Enlarged.     With  Colored  Plates  and  Numerous  Wood-cuts.     i2mo. 

Price  ;?i.2  5 

"  We  can  confidently  recommend  his  therapeutic  teachings  as  well  worthy  of  the  careful  consideration  of  the 
Profession,  for  they  set  forth  the  practice  of  an  enthusiastic  worker,  whose  special  experience  has  been  large  and 
lengthened." — British  Medical  yournal. 

"  The  practitioner  who  buys  Dr.  James'  unpretending  little  book  will  provide  himself  with  a  wise  and  practical 
clinical  commentary,  and  with  a  well  arranged  digest  of  long  and  varied  experience." — Westmi}iste^  Revie'w. 

BY   SAME   AUTHOR. 

LARYNGOSCOPY  AND  RHINOSCOPY. 

Including  the  Diagnosis  of  Diseases  of  the  Throat  and  Nose.  Third  Edition. 
With  Colored  Plates.     i8mo.  Price  $2.00. 

"  It  gives  in  a  succinct  form  the  approved  methods  of  examination  and  treatmen  t  of  diseases  of  the  nose,  throat, 
and  larynx.  The  plan  pursued  is  one  well  adapted  to  the  needs  of  the  general  practitioner." — American  Medical 
journal. 

JONES,  AURAL  ATLAS. 

An  Atlas  of  Diseases  of  the  Membrana  Tympani,  Being  a  Series  of  Colored 
Plates,  containing  62  Figures.  With  appropriate  Letter-press  and  Explanatory 
Text.  By  H.  Macnaughton  Jones,  m.d.,  Surgeon  to  the  Cork  Ophthalmic  and 
Aural  Hospital.     4to.  Price  $4.00. 

"  The  cases  are  well  selected,  the  drawings  executed  from  life,  highly  artistic  and  very  conscientious,  and  the 
commentaries  indicate  familiarity  with  the  subject  and  good  judgment  in  dealing  with  it." — British  Medical 
yournal. 

BY   SAME    AUTHOR. 

AURAL  SURGERY. 

A  Practical  Hand-book  on  Aural  Surgery.  Illustrated.  Second  Edition,  Re- 
vised and  Enlarged,  with  new  Wood  Engravings.     i2mo.     Cloth.       Price  $2.75 

JONES,  SIEVEKING  AND  PAYNE,  PATHOLOGICAL  AN- 
ATOMY. 

A  Manual  of  Pathological  Anatomy.  By  C.  Handfield  Jones,  m.d,,  and 
Edv/ard  H.  Sieveking,  m.d..  Physician  to  St.  Mary's  Hospital.  A  New  En- 
larged Edition.  Edited  by  J.  F.  Payne,  m.d.,  Lecturer  on  Morbid  Anatomy  at 
St.  Thomas'  Hospital.     With  Numerous  Illustrations.     Demi  8vo.     Price  ^5.50. 

JONES,  ON  SIGHT  AND  HEARING. 

The  Defects  of  Sight  and  Hearing,  their  Nature,  Causes,  and  Prevention.  By 
T.  Wharton  Jones,  m.d.     Second  Edition.     i6mo.  Price  .50. 

KIRBY,  ON  PHOSPHORUS.     Fifth  Edition. 

Phosphorus  as  a  Remedy  for  Functional  Diseases  of  the  Nervous  System. 
By  E.  A.  Kirby,  m.d.     Fifth  Edition.     Svo.  Price  ;^i.oo 

♦ 

KOLLMEYER,  KEY  TO  CHEMISTRY. 

Chemia  Coartata,  or  Key  to  Modern  Chemistry.  By  A.  H.  Kollmeyer,  m.d. 
With  Numerous  Tables,  Tests,  etc.  Price  $2.25 

KIRKE,  PHYSIOLOGY.     Revised  and  Enlarged. 

A  Hand-book  of  Physiology.  By  Kirke.  Tenth  London  Edition.  By  W 
Morrant  Baker,  m.d.     420  Illustrations.     Now  Ready.  Price  ^5.00 

"  This  is  undoubtedly  the  best  work  for  students  on  Physiology  extant." — Cincinnati  Med.  News. 
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KANE,  THE  OPIUM,  MORPHINE  AND  SIMILAR  HABITS. 

Drugs  that  Enslave.  The  Opium,  Morphine,  Chloral,  Hashisch  and  Similar 
Habits.     By  H.  H.  Kane,  m.d.,  of  New  York.     With  Illustrations.     Price  I1.25. 

"  It  contains  a  large  amount  of  information  collected  with  much  labor  and  presented  In  a  systematic  manner. 
The  subject  of  the  chloral  habit  has  not  been  investigated  by  any  one,  we  believe,  so  thoroughly  as  Dy  Dr.  Kane." 
— Medical  Record. 

"  It  deserves  to  be  read  by  those  who  feel  an  interest  in  discouraging  the  use  of  these  dangerous  drugs.  The 
book  is  embellished  by  an  excellent  phototype  frontispiece  of  Laocoon." — American  jfournal  of  Pharmacy. 

"  A  work  of  more  than  ordinary  ability  and  careful  research.  .  .  .  For  the  first  time,  reliable  statistics  on 
the  use  of  chloral  are  classified  and  published,  ,  .  .  and  it  is  shown  that  the  use  of  c!aiox3\.  causes  a  inore 
comjiiete  and  rapid  ruin  of  mind  and  body  than  either  opium  or  morphine." — Druggists'  Circular  and  Gazette. 

KIDD,  THERAPEUTICS. 

The  Laws  of  Therapeutics ;  or,  the  Science  and  Art  of  Medicine.  By  Joseph 
KiDD.  M.D.     l2mo.     Cloth.  Price  $1.25. 

"  Dr.  Kidd  acknowledges  two  laws — that  ol  contraria  contrariis  ^TiAsimilia  similibiis  ;  but  the  cases  he  gires 
in  his  chapter  on  ars  medica  show  that,  like  a  sensible  practitioner,  he  does  not  allow  himself  blindly  to  follow 
either  the  one  or  the  other,  but  seeks  out  the  cause  of  disease,  and  tries  by  rational  measures  to  remove  it.  The 
cases  are  the  most  valuable  part  of  the  book." — London  Practitioner . 

LANDIS,  A  COMPEND  OF  OBSTETRICS.     Illustrated. 

A  Compend  of  Obstetrics ;  especially  adapted  to  the  Use  of  Students  and 
Physicians.  By  Henry  G.  Landis,  m.d..  Professor  of  Obstetrics  and  Diseases 
of  Women  in  Starling  Medical  College,  Columbus,  Ohio.  Illustrated.  12 mo. 
Cloth.  Price  ^i. 00:  interleaved  for  the  addition  of  Notes,  $1.25 


"It  is  complete,  accurate  and  scientific;  the  very 
best  book  of  its  kind." — Prof.  y.  S.  Knox,  Rush 
Medical  College,  Chicago. 

"  I  have  been  teaching  in  this  department  for  many 
years,  and  am  free  to  say  that  this  will  be  the  best 
assistant  I  ever  had.  It  is  accurate  and  comprehen- 
sive, but  brief  and  pointed." — Prof.  P.  D.  Yost,  St. 
Louis. 


"  The  questions  are  well  chosen,  the  answers  clear, 
concise,  and  well  up  to  the  present  state  of  obstetrical 
science.  It  will  be  a  handy  book  for  reference  for 
practitioner  as  well  as  student." — Prof.  £.  O.  F. 
Roler,  Chicago  Medical  College. 

"  I  have  observed  no  statement  to  the  correctness 
of  which  I  could  take  exception.  There  are  very  few 
practitioners  who  cannot  be  instructed  by  its  perusal," 
—David  Wark,  M.D.,  U.  S.  Medical  College,  New 
York. 

LEGG,  ON  THE  URINE. 

Practical  Guide  to  the  Examination  of  the  Urine,  for  Practitioner  and  Student. 
By  T.  WiCKHAM  Legg,  m.d.     Fifth  Edition,  Enlarged.     Illustrated.     i2mo. 

Price  .75 

This  little  work  is  intended  to  supply  the  Physician  or  Student  with  a  concise  guide 

to  the  recognition  of  the  different  characteristics  of  the  urine,  and  though  small  and 

well  adapted  to  the  pocket,  contains,  probably,   everything  that  could  be  gleaned 

from  a  larger  work. 

LEARED,  IMPERFECT  DIGESTION. 

The  Causes  and  Treatment  of  Imperfect  Digestion.  By  Arthur  Leared,  m.d. 
The    7th    Edition.     Revised  and  Enlarged.     i2mo.  Price  $2.00 

LIEBREICH,  ATLAS  OF  OPHTHALMOSCOPY. 

An  Atlas  of  Ophthalmoscopy,  containing  12  Full-page  Chromo-Lithographic 
Plates,  with  59  Figures.  By  R.  Liebreich,  m.d.  Second  Edition,  Enlarged. 
LargeQuarto.  Price  $12.00 

LIVEING,  ON  SICK  HEADACHE. 

Megrim,  or  Sick  Headache  and  Some  AUied  Disorders.  By  Edward  Live- 
ING,  M.D.     With  Plates.  Tables,  etc.     8vo.  Price  $5.50 

LEBER  AND  ROTTENSTEIN,  DENTAL  CARIES. 

Dental  Caries  and  Its  Causes.  An  Investigation  into  the  Influence  of  Fungi 
in  the  Destruction  of  the  Teeth.  By  Drs.  Leber  and  Rottenstein.  Illustrated. 
8vo.  Paper  Cover  75  cents  ;    Cloth,  $1.25 

"  The  work  gives  the  result  of  patient  observation,  presents  the  deductions  of  its  authors  with  a  perspicuity  and 
modesty  calculated  to  secure  for  its  positions  a  thoughtful  consideration.  We  heartily  commend  it  af  an  educa. 
donal  work." — Dental  Cosmos. 


PUBLICA  TIONS. 


I.EWIN,  ON   SYPHILIS. 

The  Treatment  of  Syphilis.  By  Dr.  George  Lewin,  of  BerHn.  Translated 
by  Carl  Proegler,  m.d.,  and  E.  H.  Gale,  m.d.,  Surgeons  U.  S.  Army.  Illus- 
trated.    i2mo.  Price  $1.25 

"■WTien  such  authorities  as  Dr.  Drj'sdale  (as  we  quoted  a  few  weeks  ago)  condemn  the  use  of  mercury  in  syphilis 
as  "  too  dangerous,"  while,  on  the  other  hand,  eminent  surgeons,  such  as  Professor  Gross,  will  not  treat'a  case 
without  that  drug,  general  practitioners  will  gladly  welcome  any  media  via  which  gives  us  all  the  good  effects  of 
mercurials  without  any  danger  of  their  ill  results  appearing.  This  is  what  is  accomplished  by  Dr.  Lewin." — 
Philadelphia  Medical  and  Surgical  Reporter. 

LIZARS,  ON  TOBACCO. 

The  Use  and  Abuse  of  Tobacco.     By  John  Lizars,  m.d.  i2mo. 

LONGLEY,   POCKET  MEDICAL  LEXICON. 

Students'  Pocket  Medical  Dictionary,  Giving  the  Correct  Definition  and  Pro- 
nunciation of  all  Words  and  Terms  in  General  Use  in  Medicine  and  the  Collate- 
ral Sciences,  with  an  Appendix,  containing  Poisons  and  their  Antidotes,  Abbre- 
viations Used  in  Prescriptions,  and  a  Metric  Scale  of  Doses.  By  Elias  Longley. 
24mo.  Price,  Cloth,  ^i.oo  ;  Tucks  and  Pocket  ^1.25 

This  is  an  entirely  new  Medical  Dictionary,  containing  some  300  compactly 
printed  24mo  pages,  very  carefully  prepared  by  the  author,  who  has  had  much  ex- 
perience in  the  preparation  of  similar  works,  assisted  by  the  Professors  of  Chemistry 
and  of  Botany  in  one  of  our  leading  medical  colleges. 


''  This  little  book  will  be  welcomed  by  students  in 
medicine  and  pharmacy  as  a  convenient  pocket  com- 
panion, giving  the  pronunciation,  acceptation,  and 
definition  of  medical,  pharmaceutical,  chemical  and 
botanical  terms." — American  yournal  of  Pharmacy. 

"  It  would  seem  to  be  just  the  book  for  dental  and 
medical  students." — Denial  Advertiser. 


"  It  is,  we  believe,  also  the  only  lexicon  in  existence 
in  which  the  pronunciation  of  words  is  fully  and  dis- 
tinctly marked." — Canada  Medical  Review. 

"  This  is  avery  compact  and  complete  little  diction- 
ary. We  commend  it  as  particularly  useful  to  students." 
— Netu  York  Medical  journal. 


MAYNE,  MEDICAL  DICTIONARY.     Fifth  Edition. 

A  Medical  Vocabulary,  Being  an  Explanation  of  all  Terms  and  Phrases  used 
in  the  Various  Departments  of  Medical  Science  and  Practice,  Giving  their  Deri- 
vation, Meaning,  Application,  and  Pronunciation.  Intended  specially  as  a  Book 
of  Reference  for  the  Student.  By  Drs.  R.  G.  and  J.  Mayne.  Fifth  Edition. 
Revised  and  Enlarged.     Cloth.  Price  $4.00 

THE  POLYCLINIC. 

A  Monthly  Journal  of  Medicine  and  Surgery,  conducted  by  the  Faculty  of 
the  Philadelphia  Polyclinic  and  School  for  Graduates  in  Medicine.  Sample 
copies  free.  Terms,  per  Annum,  $1.00 

An  invaluable  Monthly  Reference  List  for  Librarians,  Professors,  Specialists,  and 
all  wishing  to  keep  acquainted  with  the  Medical  Literature  of  the  day. 

MACDONALD,      MICROSCOPICAL      EXAMINATION      OF 
WATER. 

A  Guide  to  the  Microscopical  Examination  of  Drinking  Water.  By  J.  D. 
Macdonald,  m.d.  With  Twenty  Full-page  Lithographic  Plates,  Reference 
Tables,  etc.     8vo.  Price  ^2.75 

"  The  volume  is  an  excellent  Aand-book  and  will  greatly  facilitate  the  study  of  the  subject." — Popular  Science 
Monthly. 

MAYS,  THE  THERAPEUTIC  FORCES; 

Or,  The  Action  of  Medicine  in  the  Light  of  the  Doctrine  of  Conservation  of 
Force.    By  Thomas  J.  Mays,  m.d.     i2mo.  Price  I1.25 
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MACKENZIE,  ON  THE  THROAT  AND  NOSE. 

Including  the  Pharynx,  Larynx,  Trachea,  Oesophagus,  Nasal  Cavities,  and 
Neck.  By  Morell  Mackenzie,  m.d.,  London,  Senior  Physician  to  the  Hos- 
pital for  Diseases  of  the  Chest  and  Throat,  Lecturer  on  Diseases  of  the  Thi'oat 
at  London  Hospital  Medical  College,  etc.,  etc. 

Vol.  L     Including  the  Pharynx,   Larynx,  Trachea,  etc.     112  Illustrations. 

Now  Ready.  Price,  Cloth,  $4.00  ;  Leather,  $5.00 

Vol.  II.     Including  the  CEsophagus,  Nasal  Cavities,  Neck,  etc.     Illustrated. 

In  Preparation. 

Author's  Edition,  issued  under  his  supervision,  containing  all  the  original  Wood 
Engravings,  and  the  essay  on  "  Diphtheria,  Its  Causes,  Nature,  and  Treatment,"  for- 
merly published  separately.  Each  volume  sold  separately;  purchasers  of  Volume  I. 
will  receive  early  information  of  date  of  issue  and  price  of  Volume  II.,  upon  sending 
their  address  to  the  publishers. 

' '  We  have  long  felt  the  want  of  a  thoroughly  practical  and  systematic  treatise  on  diseases  of  the  throat 
and  nasal  passages.  Admirable  essays  have  from  time  to  time  appeared  ;  no  standard  work  has  been  written. 
Any  one  familiar  with  laryngoscopic  work  must  appreciate  the  valuable  addition  now  made  to  this  special 
department  in  the  work  before  us.  The  entire  work  will  include  the  consideration  of  affections  of  the  pharynx, 
larynx,  trachea,  oesophagus,  nasal  cavities,  and  neck.  The  matter  now  presented  complete  for  the  first  time  is 
the  result  of  the  author's  large  and  unrivaled  experience,  both  in  hospital  and  private  practice,  extending  over 
a  period  of  twenty  years.  There  can  be  but  one  verdict  of  the  profession  on  this  manual — it  stands  without  any 
competitor  in  medical  literature,  as  a  standard  work  on  the  organs  it  professes  to  treat  of." — Dublin  Jourrial. 

"  It  is  both  practical  and  learned  ;  abundantly  and  well  illustrated  ;  its  descriptions  of  disease  are  graphic,  and 
the  diagnoses  the  best  we  have  anywhere  seen.  To  give  examples  of  the  thoroughness  of  Dr.  Mackenzie's  book, 
we  may  cite  the  chapter  on  diphtheria,  which  embraces  47  pages.  The  chapter  on  non-malignant  tumors  of  the 
larynx  would  appear  to  be  absolutely  exhaustive.  Nowhere  else  have  we  seen  so  elaborate  a  statement  of  the  sub- 
ject. We  can  predict  for  this  work  a  high  position,  and  congratulate  its  distinguished  author  upon  its  appear- 
ance."— Philadelphia  Medical  Times.  ' 

BY   SAME   AUTHOR. 

THE  PHARMACOPCEIA  of  the   Hospital   for  Diseases   of  the 
Throat  and  Nose. 

The  Fourth  Edition,  much  enlarged,  containing  250  Formulae,  with  Directions 
for  their  Preparation  and  Use.     i6mo.  Price  ^1.25 

GROWTHS  IN  THE  LARYNX. 

Their  History,  Causes,  Symptoms,  etc.  With  Reports  and  Analysis  of  one 
Hundred  Cases.     With  Colored  and  Other  Illustrations.     8vo.  Price  ^2.00 

MACNAMARA,  DISEASES  OF  THE  EYE. 

A  Manual  of  the  Diseases  of  the  Eye.  By  C.  Macnamara,  m.d.  Fourth 
Edition,  Carefully  Revised ;  with  Additions  and  Numerous  Colored  Plates,  Dia- 
grams of  Eye,  Wood-cuts,  and  Test  Types.     Demi  8vo.  Price  $4.00 

"As  a  book  of  ready  reference  on  diseases  of  the  eye  it  has  no  superior,  and  we  may  safely  say,  no  equal  in  our 
language." — Cincinnati  Lancet  and  Obser-ver. 

BY  SAME  AUTHOR. 

ON  THE  BONES  AND  JOINTS. 

Lectures  on  Diseases  of  the  Bones  and  Joints.     Second  Edition.      Demi  8vo. 

Price  $4.25 

MADDEN,  HEALTH    RESORTS. 

Health  Resorts  for  the  Treatment  of  Chronic  Diseases.  A  Hand-Book,  the 
result  of  the  author's  own  observations  during  several  years  of  health  travel  in 
many  lands,  containing  also  remarks  on  climatology  and  the  use  of  mineral 
waters.     By  T.  M.  Madden,  m.d.     8vo.  Price  $2.50 

"  Rarely  have  we  encountered  a  book  containing  so  much  information  for  both  invalids  and  pleasure  seekers." 
—  The  Sanitarian. 

MEDICAL  REGISTER. 

Directory  of  Physicians  in  Philadelphia.     Octavo.  New  Ediiion  in  Press. 


PUB  Lie  A  TIONS.  rj 


MARSHAI.L  &  SMITH,  ON  THE  URINE. 

The  Chemical  Analysis  of  the  Urine.  By  John  Marshall,  m.d.,  and  Edgar 
F.  Smith,  m.d.,  of  the  Chemical  Laboratory,  Medical  Department,  University  of 
Pennsylvania.     Illustrated  by  Phototype  Plates.  i2mo.  Price  ^i.oo 

MARSHALL,  ANATOMICAL  PLATES; 

Or  Physiological  Diagrams.     Life  Size  (7  by  4  feet)  and  Beautifully  Colored. 
By  John  Marshall,  f.r.s.     An  Entirely  New  Edition,  Revised  and  Improved, 
Illustrating  the  Whole  Human  Body. 
The  Set,  Eleven  Maps,  in  Sheets,  Price  ^50.00 

"  handsomely  Mounted  on  Canvas,  with 

Rollers,  and  Varnished,  Price  $80.00 
An  Explanatory  Key  to  the  Diagrams,  Price  .50 

Dr.  Marshall's  Plates,  from  their  size  and  perfection  of  drawing  and  coloring,  excel 
any  diagrams  that  have  been  published.  They  have  proved  invaluable  in  Medical 
Schools  and  Lecture  Rooms.  The  low  price  at  which  they  are  offered  brings  them 
within  reach  of  all. 

No.  I.  The  Skeleton  and  Ligaments.  No.  2.  The  Muscles,  Joints,  and  Animal  Mechanics.  No.  3.  The  Vis- 
cera in  Position— The  Structure  of  the  Lungs.  No.  4.  The  Organs  of  Circulation.  No.  5.  The  Lymphatics  or 
Absorbents.  No.  6.  The  Digestive  Organs.  No.  7.  The  Brain  and  Nerves.  No.  8.  The  Organs  of  the  Senses 
and  Organs  of  the  Voice,  Plate  i.  No.  9.  The  Organs  of  the  Senses,  Plate  2.  No.  10.  The  Microscopic 
Structure  of  the  Textures,  Plate  i.     No.  11.  The  Microscopic  Structure  of  the  Textures,  Plate  2. 

MARSDEN,  ON  CANCER. 

A  New  and  Successful  Mode  of  Treating  Certain  Forms  of  Cancer.  By  Alex- 
ander Marsden,  m.d.     Second  Edition.     Colored  Plates,     8vo.        Price  $3.00 

MARTIN,  MICROSCOPIC  MOUNTING. 

A  Manual  of  Microscopic  Mounting.  With  Notes  on  the  Collection  and  Ex- 
amination of  Objects,  and  upwards  of  150  Illustrations.  B>  John  H.  Martin. 
Second  Edition,  Enlarged.     Svo.  Price  $2.75 

MORRIS,  ON  THE  JOINTS. 

The  Anatomy  of  the  Joints  of  Man.  Comprising  a  Description  of  the  Liga 
ments,  Cartilages,  and  Synovial  Membranes;  of  the  Articular  Parts  of  Bones, 
etc.  By  Henry  Morris,  f.r.c.s.  Illustrated  by  44  Large  Plates  and  Numerous 
Figures,  many  of  which  are  Colored.     Svo.  Price  $5.50 

MUTER,    MEDICAL   AND    PHARMACEUTICAL  CHEMIS- 
TRY. 

An  Introduction  to  Pharmaceutical  and  Medical  Chemistry,  Part  One, — 
Theoretical  and  Descriptive,  Part  Tvi^o. — Practical  and  Analytical.  Arranged 
on  the  principle  of  the  Course  of  Lectures  on  Chemistry  as  delivered  at,  and  the 
Instruction  given  in  the  Laboratories  of,  the  South  London  School  of  Pharmacy. 
By  John  Muter,  m.d..  President  of  the  Society  of  Pubhc  Analysts.  A  Second 
Edition,  Enlarged  and  Rearranged.  The  Two  Parts  bound  in  one  large  octavo 
volume.  Price  $6.00 

Part  Two. — Practical  and  Analytical.  Bound  Separately,  for  the  Special  Con- 
venience of  Students.     Large  Svo.     Cloth.  Price  $2.50 

MAC  MUNN,  THE  SPECTROSCOPE. 

The  Spectroscope  in  Medicine.  By  Chas.  A.  Mac  Munn,  m.d.  With  3 
Chromo-lithographic  Plates  of  Physiological  and  Pathological  Spectra,  and  13 
Wood  Cuts.     Svo.  Price  $3.00 

"  This  book  is,  without  question,  the  best  that  has  yet  been  published  on  the  subject ;  to  those  not  familiar  with 
Physiological  Spectroscopy  it  will  prove  interesting,  while  to  those  who  are  working  In  this  field  it  is  a  neces' 
sity." — New  York  Medical  Journal. 
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MANN,  PSYCHOLOGICAL  MEDICINE. 

A  Manual  of  Psychological  Medicine  and  Allied  Nervous  Diseases.  Their 
Diagnosis,  Pathology,  Prognosis  and  Treatment,  including  their  Medico-Legal 
Aspects ;  with  chapter  on  Expert  Testimony,  and  an  abstract  of  the  laws  relating 
to  the  Insane  in  all  the  States  of  the  Union.  By  Edward  C.  Mann,  m.d.,  of 
New  York.  With  Illustrations  of  Typical  Faces  of  the  Insane,  Handwriting  of 
the  Insane,  and  Micro-Photographic  Sections  of  the  Brain  and  Spinal  Cord. 
Octavo.      To  be  Ready  October  ist,  1883.  Cloth.  Full  Leather, 

MAUNDER,  OPERATIVE    SURGERY. 

Operative  Surgery.  Adapted  to  the  Living  and  Dead  Subject.  By  C.  F. 
Maunder,  f.r.c.s.  Second  Edition,  with  One  Hundred  and  Sixty-four  En- 
gravings on  Wood.  Price  $2.25 


BY   SAME   AUTHOR. 


THE  ARTERIES. 


Surgery    of   the    Arteries,    including    Aneurisms,    Wounds,    Hemorrhages, 
Twenty-seven  Cases  of  Ligatures,  Antiseptic,  etc.  With  Illustrations.  Price  $1.50 


MAXON,  ON  PRACTICE. 

The  Practice  of  Medicine.     By  Edwin  R.  Maxon,  m.d.     8vo. 


Price  S'^.oo 


MEADOWS,  OBSTETRICS,     Revised  Edition. 

A  Text-Book  of  Midwifery.  Including  the  Signs  and  Symptoms  of  Preg- 
nancy, Obstetric  Operations,  Diseases  of  the  Puerperal  State,  etc.  By  Alfred 
Meadows,  m.d.  Third  American,  from  Fourth  London  Edition.  Revised  and 
Enlarged.     With  145  Illustrations.     Svo.  Price  |;2.oo 


"  It  is  with  great  gratification  that  we  are  enabled 
to  class  Dr.  Meadows'  Manual  as  a  rare  exception, 
and  to  pronounce  it  an  accurate,  practical,  and  cred- 
itable work,  and  to  unhesitatingly  recommend  it  to 
both  student  and  practitioner." — American  Journal 
0/  Obstetrics. 

"  We  cannot  but  feel  that  every  teacher  of  Obstet- 
rics has  good  cause  to  congratulate  himself  on  being 
able  to  put  in  the  hands  of  the  student  a  book  which 
contains  so  much  valuable  and  reliable  information." 
— Philadelphia  Medical  Times. 


"  On  all  questions  of  treatment,  whether  by  medi- 
cines, by  hygienic  regimen,  or  by  mechanical  or  oper- 
ative appliances,  this  treatise  js  as  satisfactory  as  a 
work  of  manual  size  could  be  :  students  and  practi- 
tioners can  hardly  do  better  than  adopt  it  as  their 
vade  mecum." — The  Practitioner. 

"  The  systematic  arrangement  of  subjects,  and  the 
concise,  practical  style  in  which  it  is  written,  make 
the  work  especially  valuable  as  a  student's  manual." 
Chicago  Medical  Exajniner, 


MEARS,  PRACTICAL  SURGERY. 

Practical  Surgery.  Including  :  Part  I. — Surgical  Dressings  ;  Part  11. — Band- 
aging; Part  Til. — Ligations;  Part  iv. — Amputations.  With  227  Illustrations. 
By  J.  EwiNG  Mears,  m.d..  Demonstrator  of  Surgery  in  Jefferson  Medical  Col- 
lege, and  Professor  of  Anatomy  and  Clinical  Surgery  in  the  Pennsylvania  Col- 
lege of  Dental  Surgery.     i2mo.  Price  $2.00 


"  Professor  Mears  has  written  a  convenient  and  use- 
ful book  for  students.  We  can  most  cordially  endorse 
it  as  fulfilling  well  the  promise  made  in  its  modest 
preface," — Cincinnati  Laticet  and  Clinic. 


"It  contains  a  great  deal  of  information  upon  the 
subjects  of  which  it  treats,  in  a  convenient  and  con- 
densed form.  Each  division  is  well  illustrated,  thereby 
rendering  the  text  doubly  clear. " — New  York  Medical 
Record. 


MILLER,  ON  ALCOHOL. 

Alcohol.    Its  Place  and  Power.    By  James  Miller,  f.r.c.s.  i2mo. 

MILLER  &  LIZARS,  ALCOHOL  AND  TOBACCO. 

Alcohol.  Its  Place  and  Power.  By  James  Miller,  f.r.c.s.  ;  and,  Tobacco, 
Its  Use  and  Abuse,  By  John  Lizars,  m.a.  The  two  essays  in  one  volume. 
i2mo.  Price  |i.oo 
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MENDENHALL,  VADE  MECUM. 

The  Medical  Student's  Vade  Mecum.  A  Compend  of  Anatomy,  Physiology, 
Chemistry,  The  Practice  of  Medicine,  Surgery,  Obstetrics,  etc.  By  George 
Mexdenhall,  m.d.     Eleventh  Edition.     224  Illustrations.     8vo.         Price  $2.00 

MEIGS  AND  PEPPER,  DISEASES  OF  CHILDREN. 

A  Practical  Treatise  on  the  Diseases  of  Children.  By  J.  Forsyth  Meigs,  m.d.. 
Fellow  of  the  College  of  Physicians  of  Philadelphia,  etc.,  etc.,  and  William 
Pepper,  m.d..  Physician  to  the  Philadelphia  Hospital,  Provost  University  of 
Pennsylvania.  Seventh  Edition,  thoroughly  Revised  and  Enlarged.  A  Royal 
Octavo  Volume  of  over  1000  pages.  Price,  Cloth,  $6.00;  Leather,  $7.00 

"  With  the  recent  additions  it  may  safely  be  pronounced  one  of  the  best  and  most  comprehensive  tiforks  on  Dis- 
eases of  Children." — Nezv  York  Medical  jfournal. 

"  Must  be  regarded  as  the  most  complete  work  on  Diseases  of  Children  in  our  language." — Edinburgh  Medical 
yournal. 

"  We  have  seldom  met  with  a  text-book  so  complete,  so  just  and  so  readable  as  the  one  before  us." — American 
yournal  of  Obstetrics. 

MATHIAS,  LEGISLATIVE  MANUAL. 

A  Rule  for  Conducting  Business  in  Meetings  of  Societies,  Legislative  Bodies, 
Town  and  Ward  Meetings,  etc.  By  Benj.  Mathias,  a.m.  Sixteenth  Edition. 
i6mo.  Price  .50 

MORTON,  REFRACTION  OF  EYE. 

The  Refraction  of  the  Eye.  Its  Diagnosis  and  the  Correction  of  its  En  ors. 
With  Chapter  on  Keratoscopy.     By  A.  Stanford  Morton,  m.b.,  f.r.c.s.     i2mo. 

Price  ^i.oo 

"  The  author  has  not  only  given  verj'  thorough  rules  for  the  objective  and  subjective  e.xaminations  of  the  eye  in 
the  various  conditions  of  refraction  which  present  themselves,  but  has  entered  into  an  explanation  of  the  phenom- 
ena observed,  which  is  at  once  scientific  and  elementary." — Edinburgh  Medical  Journal. 

OVERMAN,  MINERALOGY. 

Practical  Mineralogy,  Assaying,  and  Mining,  with  a  Description  of  the  Useful 
Minerals,  etc.  By  Frederick  Overman,  Mining  Engineer.  nth  Edition. 
i2mo.     Cloth.  Price  $1.00 

OGSTON,  MEDICAL  JURISPRUDENCE. 

Lectures  on  Medical  Jurisprudence.  By  Drs.  Francis  and  Francis  Ogston, 
Jr.     With  Copper-plate  Illustrations.     8vo.  Price  $6.00 

"  We  have  a  high  appreciation  of  Dr.  Ogston's  lectures,  and  can  cordially  recommend  the  work  as  accomplish- 
ing all  that  the  distinguished  author  promised  for  it." — Avierican  Journal  of  Medical  Science. 

OLDBERG,  PRESCRIPTION  BOOK.     300  New  Prescriptions. 

Three  Hundred  Prescriptions,  Selected  Chiefly  from  the  Best  Collections  of 
Formulae  used  in  Hospital  and  Out-patient-practice,  with  a  Dose  Table,  and  a 
Complete  Account  of  the  Metric  System.  By  Oscar  Oldberg,  phar.  d..  Late 
Medical  Purveyor,  United  States  Marine  Hospital  Service;  Professor  of  Materia 
Medica,  National  College  of  Pharmacy,  Washington,  D.  C. ;  Member  of  the 
American  Pharmaceutical  Association,  and  of  the  Sixth  Decennial  Committee 
of  Revision  and  Publication  of  the  Pharmacopoeia  of  the  United  States. 
i2mo.    Price,  Paper  Covers,  .75;  Cloth,  ^1.25 

The  prescriptions  given  in  this  work  are  selected  from  the  Pharmacopoeias  and 
formularies  of  the  great  Hospitals  of  New  York,  Philadelphia,  Boston  and  London, 
or  contributed  from  the  practice  of  medical  officers  of  the  United  States  Service.  The 
Dose  Table  includes  nearly  all  of  the  remedies  that  have  a  place  in  the  current 
Materia  Medica. 
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BY   SAME   AUTHOR. 

THE  UNOFFICIAL  PHARMACOPCEIA. 

Comprising  over  700  Popular  and  Useful  Preparations,  not  Official  in  the 
United  States,  of  the  various  Elixirs,  Fluid  Extracts,  Mixtures,  Syrups,  Tinct- 
ures, Ointments,  Wines,  etc,  etc.,  in  constant  demand  throughout  the  country. 
Thick  i2mo.     503  pp.     Half  Morocco.  Price  $3.50 

"  This  volume  is  one  of  the  most  practical  and  valuable  contributions  to  Pharmaceutical  work  of  recent  publica- 
tion. It  has  received  high  commendation  from  many  of  our  best  pharmacists  " — Lazeii,  Marsh  <Sr=  Gardiner, 
IVholesaie  Druggists,  New  York  City. 

OTT,  ACTION  OF  MEDICINES. 

The  Action  of  Medicines.  By  Isaac  Ott,  m.d.,  late  Demonstrator  of  Experi- 
mental Physiology  in  the  University  of  Pennsylvania.  With  22  Illustrations. 
8vo.  Price  $2.00 

PAGE,  INJURIES  OF  THE   SPINE. 

Injuries  of  the  Spine  and  Spinal  Cord,  without  apparent  Lesion  and  Nervous 
Shock.  In  their  Surgical  and  Medico-Legal  Aspects.  By  Herbert  W.  Page, 
M.D.,  M.C.CANTAB.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  St.  Mary's 
Hospital,  London.     Octavo,  Cloth.  Price  ^4.00 

PAGET,  SURGICAL  PATHOLOGY. 

Lectures  on  Surgical  Pathology,  Delivered  at  the  Royal  College  of  Surgeons 
By  James  Paget,  f.r.s.  Third  Edition.  Edited  by  William  Turner  m.d' 
With  Numerous  Illustrations.     8vo.  Price,  Cloth,  $7.00;  Leather,'|8!oo 

PARKES,  PRACTICAL  HYGIENE.    Sixth  Edition. 

A  Manual  of  Practical  Hygiene.  By  Edward  A.  Parkes,  m.d.  The  Sixth 
Revised  and  Enlarged  Edition.     With  Many  Illustrations.     8vo.         Price  $6.00 

"  Altogether  it  is  the  most  complete  work  on  Hygiene  which  we  have  seen." — New  York  Medical  Record. 

"7  ^  j^"^  'hat  it  never  fails  to  throw  light  on  any  hygienic  question  which  may  be  proposed."— ^(7.r/^«  Medi- 
cal ana  Surgical  JournM. 

"We  conimend  the  book  heartily  to  all  needing  instruction  (and  who  does  not),  in  Hygiene  "—Chicago  Medi- 

PIESSE,  THE  MANUFACTURE  OF  PERFUMERY.    Fourth 
Edition. 

The  Art  of  Perfumery ;  or  the  Methods  of  Obtaining  the  Odors  of  Plants,  and 
Instruction  for  the  Manufacture  of  Perfumery,  Dentifrices,  Soap,  Scented  Pow- 
ders, Odorous  Vinegars  and  Salts,  Snuff,  Cosmetics,  etc.,  etc.  By  G.  W.  Septi- 
mus  Piesse.      Fourth    Edition.      Enlarged.      366    Illustrations.      8vo.     Cloth. 

Price  ^5.50 

"An  excellent  book." — Commercial  Advertiser . 
"  It  is  the  best  book  on  Perfumery  yet  published." 
Scientific  American. 


"  Exceedingly  useful  to  druggists  and  perfumers." — 
yournal  of  Chemistry. 

"  Is  in  the  fullest  sense,  comprehensive." — Medical 
Record. 


PROCTER'S  PRACTICAL  PHARMACY. 

/' 

Lectures  on  Practical  Pharmacy.  With  43  Engravings  and  32  Lithographic 
Fac-simile  Prescriptions.    By  Barnard  S.  Procter.    Second  Edition.    Octavo. 

Cloth,  $4.50. 

PARRISH,  ALCOHOLIC  INEBRIETY. 

Alcoholic  Inebriety  from  a  Medical  Standpoint,  with  Illustrative  Cases  from 
the  Clinical  Records  of  the  Author.  By  Joseph  Parrish,  m.d.,  President  of 
the  American  Association  for  the  Cure  of  Inebriates.     i2mo.  Cloth,  ^^1.25 
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POTTER'S     COMPENDS,    FOR    PHYSICIANS    AND    "STU- 
DENTS. 

These  Compends  are  based  on  the  lectures  of  prominent  Professors  and  the 
most  popular  Text-books.     They  will  be  found  very  serviceable  to  physicians, 
as  remembrancers,  and  invaluable  to  students  in  the  Quiz  Class  and  Examina- 
tion Room.     By  Samuel  O.  L.  Potter,  m.d. 
ANATOMY,  with  63  Illustrations. 
VISCERAL  ANATOMY,  with  Illustrations. 

MATERIA  MEDICA,  arranged  in  accordance  with  the  Sixth  Revision  U.  S.  Phar- 
macopoeia.    i2mo.     Cloth. 

Price  fox  each.  Interleaved  for  taking  Notes,  $1.25  ;  plain,  ^i.oo 
BY  THE   SAME   AUTHOR. 

SPEECH,  AND  ITS  DEFECTS. 

Considered  Physiologically,  Pathologically,  Historically,  and  Remedially ;  being 
the  Lea  Prize  Thesis  of  Jefferson  Medical  College,  1882.  Revised  and  Corrected 
for  Publication.     i2mo.     Cloth.  ,  Price  $1.00 

PENNSYLVANIA  HOSPITAL  REPORTS. 

Edited  by  a  Committee  of  the  Hospital  Staff.  J.  M.  DaCosta,  m.d.,  and 
William  Hunt,  m.d.  Vols,  i  and  2,  containing  Original  Articles  by  former 
and  present  Members  of  the  Staff.  With  Lithographic  and  other  Illustrations. 
8vo.  Price,  per  volume,  $2.00 

PEREIRA,  PRESCRIPTION  BOOK.     Sixteenth  Edition. 

Physician's    Prescription    Book.     Containing   Lists  of  Terms,   Phrases,  Con- 
tractions and  Abbreviations  used  in  Prescriptions,  Explanatory  Notes,  Gram- 
matical Construction  of  Prescriptions,  Rules  for  the  Pronunciation  of  Pharma- 
ceutical   Terms.      By   Jonathan    Pereira,    m.d.,   f.r.s.      Sixteenth    Edition. 
Price,  Cloth,  $1.00;  Leather,  with  tucks  and  pockets,  $1.25 

PHYSICIAN'S  VISITING  LIST.     PUBLISHED  ANNUALLY. 

THIRTY-SECOND  YEAR  OF  ITS  PUBLICATION. 
SIZES   AND    PRICES. 

For  25  Patients  weekly.  Tucks,  pockets,  and  pencil,       -        -                 -  |i.oo 

50        "            "  «            .<                     «'....  1.25 

75        "             "  ....                     '«._..  1.50 

100        "            "  ....                     '•____  2.00 

5°  ■•    ■■"°>-  iisrySfc'}     •■    -  -  -  -  ^.50 

-         ■■  ■■-""•      {Jul"y.'ofc'}  ■■  -        -        -        ■       3.00 

INTERLEAVED   EDITION. 

For  25  Patients  weekly,  interleaved,  tucks,  pockets,  etc.,  -        -        -        -       1.25 

5°  •■    ■•"''>-  {&-;o&"c=}     ••    -  -  -  -  3- 

perpetual    EDITION,   WITHOUT    DATES    AND    WITH    SPECIAL    MEMORANDUM    PAGES. 
SAME  SIZE  AS  THE  2$  PATIENTS,  INTERLEAVED.  Price,  $1.25 

The  Visiting  List  contains  a  List  of  New  Remedies,  a  Diagram  of  the  Chest, 
Upper  Abdomen  ;  a  New  Table  of  Poisons  and  their  Antidotes.  The  Metric  or 
French  Decimal  System  of  Weights  and  Measures.  Posological  Tables,  showing 
the  relation  of  our  present  system  of  Apothecaries'  Weights  and  Measures  to  that  of 
the  Metric  System,  giving  the  Doses  in  both. 

This  last  is  a  most  valuable  addition,  and  will  materially  aid  the  Physician.  So 
many  writers  now  use  the  metric  system,  especially  in  foreign  books  and  journals, 
that  one  not  familiar  with  it  is  constantly  confused,  and  in  many  cases  unable  to 
understand  the  measurements  or  doses. 

"  It  is  certainly  the  most  popular  Visiting  List  ex-    I        "  The  book  is  convenient  in  fornm,  not  too  bulky,  and 

tant." — Neuu  York  Medical  Journal.  in  every  respect  the  very  best  Visiting  List  published." 

"  Its  compact  size,  convenience  of  arrangement,  dur-  — Canada  Medical  and  Surgical  yjurnal. 
ability,  and  neatness  of  manufacture  have  everywhere    I        "This  standard  Visiting  List,  for  completeness,  corn- 
obtained  for  it  a  preference." — Canada  Lancet.                 I  pactness,  and  simplicity  of  arrangement,  is  excelled  by 

)  none  in  the  market." — New  York  Medical  Record. 
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POWER,  HOLMES,  ANSTIE  AND  BARNES  {^Drs.). 

Reports  on  the  Progress  of  Medicine,  Surgery,  Physiology,  Midwifery,  Dis- 
eases of  Women  and  Children,  Materia  Medica,  Medical  Jurisprudence,  Ophthal- 
mology, etc.,  etc.     Reported  for  the  New  Sydenham  Society.     8vo.     Price  ^2.00 

PURCELL,  ON  CANCER. 

Cancer.  Its  Allies  and  other  Tumors,  with  Specia  Reference  to  their  Medi- 
cal and  Surgical  Treatment.  By  F.  Albert  Purcell,  m.d  ,  m.r.c.s.  Surgeon 
to  the  Cancer  Hospital,  Brompton,  England.     8vo.  Price  $3.75 

RADCLIFFE,  ON  EPILEPSY. 

On  Epilepsy,  Pain,  Paralysis,  and  other  Disorders  of  the  Nervous  System. 
By  Charles  Bland  Radcliffe,  m.d.     Illustrated.     i2mo.  Price  $1.50 

"  To  no  authority  can  the  medical  inquirer  turn  for  an  analysis  of  the  phenomena  of  epilepsy  with  more  satisfac- 
tion than  to  the  admirable  essay  of  Dr.  Radcliffe." — Afnerican  yournal  Medical  Sciences. 

ROBERTS,  MANUAL  OF  MIDWIFERY. 

The  Student's  Guide  to  the  Practice  of  Midwifery.  By  D.  Lloyd  PxOBERTS, 
M.D.,  F.R.C.P.,  Physician  to  St.  Mary's  Hospital,  Manchester,  etc.,  etc.  Second 
Edition.     With  95  Illustrations.     i2mo.  Price  ^1.25 

"As  an  obstetrical  manual,  we  think  that  of  Dr.  Rob-    '        "The  present  edition  has  been  very  thoroughly  re- 
erts  one  of  the  best  now  offered  to  the  Profession,  as  it         vised,  some  chapters  having  been  entirely  re-written. 


comes  with  authority,  and  he  possesses  the  ability  to 
condense,  and  at  the  same  time  present  a  subject  clear- 
ly."— American  yournal  of  Medical  Scie7tce. 

"Concise,   clear,   and    practical." — Medieal  Press 
and  Circular. 


For  its  size,  it  forms  a  remarkably  complete  compendi- 
um of  the  subject,  and  can  hardly  be  surpa.ssed  in  the 
simplicity  and  clearness  of  its  explanations." — Obstet- 
rical Journal  of  Great  Britain  and  Ire^a?id. 


REYNOLDS,   ELECTRICITY, 

Lectures  on  the  Clinical  Uses  of  Electricity.  By  J.  Russell  Reynolds,  m.d., 
F.R.s.     Second  Edition.     i2mo.  Price  fi.oo 

"  It  is  thoroughly  reliable  as  a  guide,  very  concise,  and  will  be  found  exceedingly  useful  to  the  general  practi- 
tioner."—  Canada  Lancet. 

RICHARDSON,    MECHANICAL    DENTISTRY.      Third    Edi- 
tion. 

A  Practical  Treatise  on  Mechanical  Dentistry.  By  Joseph  Richardson,  d.d.s. 
Third  Edition.     With  185  Illustrations.    8vo.    Price,  Cloth,  I4.00;  Leather,  $4.75 

"  Taken  as  a  whole,  Professor  Richardson's  work  is  a  valuable  contribution  to  the  dental  art,  and  is  beyond  all 
4uestion  the  best  treatise  extant  upon  the  general  subject  of  Mechanical  Dentistry." — Dental  Cosmos. 

RIGBY  AND  MEADOWS,  OBSTETRIC  MEMORANDA. 

Dr.  Rigby's  Obstetric  Memoranda.  Fourth  Edition.  Revised.  By  Alfred 
Meadows,  m.d.     32mo.  Price  .50 

PIGGOTT,  ON  COPPER. 

Copper  Mining  and  Copper  Ore.  With  a  full  Description  of  the  Principal 
Copper  Mines  of  the  United  States,  the  Art  of  Mining,  etc.  By  A.  Snowden 
PiGGOTT.     i2mo.  Price  $1.00 

PRINCE,  ORTHOPEDIC  SURGERY. 

Plastic  and  Orthopedic  Surgery.  By  David  Prince,  m.d.  Containing  a 
Report  on  the  Condition  of,  and  Advance  made  in,  Plastic  and  Orthopedic  Sur- 
gery, etc.,  etc.,  and  Numerous  Illustrations.     8vo,  Price  M-5° 

RYAN,  ON  MARRIAGE. 

The  Philosophy  of  Marriage.  In  its  Social,  Moral  and  Physical  Relations, 
and  Diseases  of  the  Urinary  Organs.  By  Michael  Ryan,  m.d.  Member  of 
the  Royal  College  of  Physicians,  London.     i2mo.  Price  %\.oo 
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ROBERTS,  PRACTICE  OF  MEDICINE.     Fourth  Edition. 

The  Theory  and  Practice  of  Medicine.  By  Frederick  Roberts,  m.d. 
Third  American,  from  the  Fourth  London  Edition.     8vo. 

Price,  Cloth,  $5.00  ;  Leather,  $6.00 

Recommended  at  the  L'niversity  of  Pennsylvania,  Yale  and  Dartmouth  Colleges, 
University  of  Michigan,  and  many  other  Medical  Schools. 

The  unexceptional  large  and  rapid  sale  of  this  book,  and  the  universal  commen- 
dation it  has  received  from  the  profession,  seems  to  be  a  sufficient  guararitee  of  its 
merits  as  a  Text-book.  Tlie  publishers  are  in  receipt  of  numerous  letters  from 
Professors  in  the  medical  schools,  speaking  favorably  of  it,  and  below  they  g4ve 
extracts  from  the  medical  press,  American  and  English,  attesting  its  superiority  and 
value  to  both  student  and  practitioner.  The  present  edition  has  been  thoroughly 
revised  and  much  of  it  re-written. 

"The  best  Text-book /or  Students  in  the  English  I  "To  the  student  it  will  be  a  gift  of  priceless  value." 
langMoge.     We  know  ot  no  work  in  the  English  Ian-  j  — Detroit  Review  of  Medicine. 

gnage,   or  in   any   other,    which  competes  with   this  I      .<  We  heartily  recommend  it  to  students,  teachers, 
one."— Edinburgh  Medical  Journci/.  \  and.   practitioners."— ^Jji-cJw   Medical  and    Surgical 

"It  is  a  remarkable  evidence  of   industry,  experi- |  yournal. 
enco,  and  research."— /'?-ac«/y«dv-.  <■  jt  is  of  a  much  higher  order  than  the  usual  conipi- 

"  Dr.   Roberts'   book  is  admirably  fitted  to  supply      ations  and  abstracts  placed  in  the  hands  of  students." 
the  want  of  a  good  hand-book,  so  much  felt  by  every     1 — Medical  and  Stirg^ical  Reporter. 
niedical  %\.wAen\." —Student' s  Journal  and  NosJ-itai  \      •<  ](  jg  unsurpassed  by  any  work  that  has  fallen  into 
Gazette.  \  our    hands    as   a   compendium    for    students."  —  T/ie 

"  It  contains  a  vast  deal  of  capital  instruction  for  !  Clinic. 
the  student."— -Vedical  Ttntes  and  Gazette.  <<  Wg  particularly  commend  it  to  students  about  to 

"  There  are  great  excellencies  in  this  book,  which  ;  enter  upon  the  practice  of  their  profession." — St.  Louis 
will  make  it  agreat  favoritewith  the  student."— A'/c-A-  j  Medical  and  Surgical  Journal. 
ti:ond and  Eouis^'ille  Journal.  I 

RINDFLEISCH,  GENERAL  PATHOLOGY. 

General  Pathology;  a  Handbook  for  Students  and  Physicians.  By  Prof. 
Edward  Rindfleisch,  of  Wurzburg.  Translated  by  Wm.  H.  Mercur,  m.d.. 
Edited  and  Revised  by  James  Tyson,  m.d.,  Professor  of  Morbid  Anatomy  and 
Pathology,  L^niversity  of  Pennsylvania.     Octavo.  Cloth, 

/;/  Rapid  Preparation. 

RINDFLEISCH,  PATHOLOGICAL  HISTOLOGY. 

A  Text-Book  of  Pathological  Plistology.     By  Dr.  Edward  Rindfleisch. 
Translated  by  Drs.  Wm.  C.  Kolman   and   F.  T.  Miller.     208  Illustrations. 
Svo. 
Recommended  as  a  Text-Book  at  the  University  of  Pennsylvania  and  other  Med- 
ical Schools. 

"  To  be  up  with  the  times,  our  Pathologists  must  make  themselves  familiar  with  the  thorough,  clear,  and  al- 
most exhaustive  teachings  of  Professor  Rindfleisch."— CV^/o  Medical  and  Surgical  Reporter. 

ROYLE   AND   HARLEY,  MATERIA  MEDICA.     Sixth  Edition. 

A  ALnnual  of  Materia  Medica  and  Therapeutics.  By  Dr.  J.  Forbes  Royle. 
Sixth  Edition.  Edited  by  John  Harley,  m.d.  840  pages  and  numerous  Illus- 
trations.    Demi  Svo.  Price  ;ft5.oo 

RUTHERFORD,  PRACTICAL  HISTOLOGY. 

Outlines  of  Practical  Histology  ;  being  the  Notes  of  the  Course  of  Practical 
Physiology  given  in  King's  College,  London,  and  the  LTniversity  of  Edinbm-gh. 
By  William  Rutherford,  m.d.,  f.r.s.,  Professor  of  the  Institutes  of  Medicine 
in  the  University  of  Edinburgh  (with  additional  leaves  for  Notes).  Third  Edi- 
tion.    Illustrated.  [^«  P>''^ss. 

"  To  the  student  and  teacher  of  Practical  Histologj-,  this  work  can  hardly  help  being  a  great  boon.  It  is 
complete,  yet  short,  perfectly  clear  and  simple,  and  moreover  every  line  bespeaks  the  outcome  of  an  extensive 
practical  acquaintance  with  the  iwhjcct." —Medical  Times  and  Gazette,  London. 
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SANDERSON  AND  FOSTER,  THE    PHYSIOLOGICAL  LA- 
BORATORY. 

A  Hand-book  of  the  Physiological  Laboratory.  Being  Practical  Exercises  for 
Students  in  Physiology  and  Histology.  By  J.  Burdon  Sanderson,  m.d.,  E. 
Klein,  m.d.,  Michael  Foster,  m.d.,  f.r.s.,  and  T.  Lauder  Brunton,  m.d. 
With  over  350  Illustrations  and  Appropriate  Letter-press  Explanations  and  Ref- 
erences. 

Price,  Two  Volumes,  Text  and  Plates,  separate,       -         -         -    $6.00 

"      One  "  "  "  bound  together.  Cloth,        5.00 

"         "  "  "  "  "  "  Leather,    6.00 

Adopted  as  a  Text-book  at  Yale  College,  and  used  at  other  Medical   Schools  in 

America  and  England. 


'■  Recognizing  the  fact  that  Physiology  is  emphatic- 
ally an  experimental  science,  it  furnishes  minute  in- 
structions for  performing  a  great  variety  of  exper- 
iments. A  student  could  scarcely  desire  a  better  guide." 
— Boston  Medical  and  Surgical  yournal. 


"  We  confidently  recommend  it  to  the  attention  of  all 
who  are  interested  in  the  wide  and  fertile  field  of  Phy- 
siological research." — New  York  Medical  yournal. 

"  This  is  a  most  superb  book,  and  fills  a  hiatus  which 
every  physiological  student  has  lamented." — Chicago 
Medical  yournal. 


SANDERSON,  PHYSIOLOGY.     Second  Edition. 

A  Syllabus  of  a  Course  of  Lectures  on  Physiology.  By  J.  Burdon  Sander- 
son, M.D.     For  the  Use  of  Students.     Second  Edition.     8vo.  Price  I1.50 

SANDERSON,  PRACTICAL  EXERCISES  IN  PHYSIOLOGY. 

8vo.     Illustrated.  Price  ^1.12 

SANSOM,  PHYSICAL  DIAGNOSIS.     Third  Edition  just  ready. 

The  Physical  Diagnosis  of  Diseases  of  the  Heart.  Including  the  Use  of  the 
Sphygmograph  and  Cardiograph.  By  Arthur  Ernest  Sansom,  m.d.  Third 
Edition.     Revised  and  Enlarged.     With  Illustrations.     i2mo.  Price  |2.oo 

BY  SAME   author. 

DISEASES  OF  THE  HEART. 

The  Lettsomian  Lectures  on  the  Treatment  of  some  of  the  Forms  of  Valvular 
Disease  of  the  Heart.     Illustrated.     i2mo.  Cloth,  $1.25 

BY  SAME   AUTHOR. 

ON    CHLOROFORM. 

Chloroform.     Its  Action  an^  Administration.     i2mo.  Price  $1.50 

SMITH,  MANOAL  OF  GYNAECOLOGY. 

Practical  Gynaecology,  A  Hand-book  of  the  Diseases  of  Women.  By  Hey- 
WOOD  Smith,  m.d.  Physician  to  the  Hospital  for  Women  and  to  the  British 
Lying-in  Hospital.     With  Engravings.  Price  $1.25 

The  object  of  the  author  has  been  to  present  the  busy  practitioner  with  a  book 
systematically  arranged,  burdened  with  no  discussions  on  vexed  questions  of  pathol- 
ogy, and  giving  at  a  glance  the  salient  points  of  diagnosis  and  treatment  with  clear- 
ness and  brevity. 

BY   SAME   AUTHOR. 

DYSMENORRHCEA.    Just  Issued. 

Its  Pathology  and  Treatment.     i2mo.  Price  $1.75 

SMITH,  RINGWORM. 

The  Diagnosis  and  Treatment  of  Ringworm.  By  Alder  Smith,  f.r.c.s. 
With  Illustrations.     i2mo.  Price  $1.00 

SMITH,  ON  NURSING, 

The  Efificient  Training  of  Nurses  for  Hospital  and  Private  Practice.  By  Wil- 
liam Robert  Smith.     Illustrated,     Third  Edition.  Price 
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SMITH,  ON  CHILDREN. 

Clinical  Studies  of  Diseases  in   Children.     By  Eustace  Smith,  m.d.  Second 
Revised  Edition.  Price  $2.50 

MEDICAL  HERESIES,  HISTORICALLY  CONSIDERED. 

A  Series  of  Critical  Essays  on  the  Origin  and  Evolution  of  Sectarian  Medi- 
cine, embracing  a  Special  Sketch  and  Review  of  Homoeopathy,  Past  and  Pres- 
ent. By  GoNZALVO  C.  Smythe,  a.m.,  m.d.  Professor  of  the  Principles  and 
Practice  of  Medicine,  College  of  Physicians  and  Surgeons,  Indianapolis,  Indi- 
ana.    i2mo.     Cloth.  Price  $1.25 

"  Students  and  others  interested  in  the  subject  of 
medicine  will  find  a  digest  of  the  entire  controversy 
(between  the  various  schools  of  medi«-.ine)  presented  in 
this  volume." — journal  of  Education. 

"  Professor  Smythe  has  succeeded  in  writing  a  brief, 
clear,  and  interesting  sketch  of  the  evolution  of  medical 
eccentricities,  and  of  modern  homoeopathy,  its  facts  and 
fallacies." — Philadelphia  Medical  Times. 


"  This  book  gives,  in  a  small  compass,  an  excellent 
history  of  medicine,  from  its  earliest  day  to  the  present 
'ime."—-£u^a'o  Medical  and  Surgical  J ournal , 

"  Cannot  fail  to  be  of  interest,  not  only  to  the  medi- 
cal profession,  but  io  the  general  reader." — Baltimore 
Gazette. 

"  The  work  is  pleasantly  written,  in  an  easy,  familiar 
^tyle,  and  has  cost  the  writer  much  literary  research." 
~-New  York  Medical  y ournal. 


SAVAGE,  FEMALE  PELVIC  ORGANS.     Author's  Edition. 

The  Surgery,  Surgical  Pathology  and  Surgical  Anatomy  of  the  Female  Pelvic 
Organs.  In  a  Series  of  Colored  Plates  taken  from  Nature,  with  Commentaries, 
Notes  and  Cases.  By  Henry  Savage,  m.d.,  f.r.c.s.  New  Edition.  Issued  by 
arrangement  with  the  Author,  from  the  original  Plates.     Quarto.       Price  $12.00 

SAVORY  &  MOORE,  DOMESTIC  MEDICINE. 

A  Condensed  Compend  of  Domestic  Medicine,  and  Companion  to  the  Medi- 
cine Chest.     By  Drs.  Savory  and  Moore.     Illustrated.     i6mo.  Price  .50 

SCHULTZE,  OBSTETRICAL  PLATES. 

Obstetrical  Diagrams.  Life  Size.  By  Prof.  B.  S.  Schultze,  m.d.,  of  Berlin. 
Twenty  in  the  Set.     Colored. 

Price,  in  Sheets,  $15.00;  Mounted  on  Rollers  $25.00 

SCANZONI,  DISEASES  OF  WOMEN. 

A  Practical  Treatise  on  the  Diseases  of  the  Sexual  Organs  of  Women.  By 
Dr.  F.  W.  Von  Scanzoni.     Translated  by  A.  K.  Gardiner,  m.d.     8vo. 

Price  $5.00 
SIEVEKING,  LIFE  ASSURANCE. 

The  Medical  Adviser  in  Life  Assurance.  By  E.  H.  Sieveking,  m.d.  i2mo. 
Second  Edition,  Revised.  Price  $2.00 

SHEPPARD,  ON  MADNESS. 

Madness,  in  its  Medical,  Social  and  Legal  Aspects.  A  series  of  Lectures  de- 
livered at  King's  Medical  College,  London.     By  Edgar  Sheppard,  m.d.     8vo. 

Price  $2.25 

STOCKEN,  DENTAL  MATERIA  MEDICA.     Third  Edition. 

The  Elements  of  Dental  Materia  Medica  and  Therapeutics  with  Pharmacopoeia. 
By  James  Stocken,  d.d.s.     Third  Edition.     i2mo.  $2.50 

The  first  edition  of  this  book  was  disposed  of  in  a  httle  less  than  four  months.  In 
making  this  revision  the  author  has  endeavored  to  make  it  still  more  useful  by  the 
addition  of  considerable  new  matter. 

SUTTON,  VOLUMETRIC  ANALYSIS.     Fourth  Edition. 

A  Systematic  Handbook  of  Volumetric  Analysis,  or  the  Quantitative  Estima- 
tion of  Chemical  Substances  by  Measure,  Applied  to  Liquids,  Solids,  and  Gases. 
By  Francis  Sutton,  f.c.S.  Fourth  Edition.  Revised  and  Enlarged,  with  Illus- 
trations.    8vo.  Price  $5.00 
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SEWELL,  DENTAL  ANATOMY  AND  SURGERY. 

A  Manual  of  Dental  Anatomy  and  Surgery,  Including  the  Extraction  of  Teeth. 
By  H.  E.  Sewell,  d.d.s.,  m.d.     With  ■]■]  Illustrations.     i2tno.  Price  Si-25 

"A  valuable  book  for  the  general  Practitioner  who    '  "  It  will  be  found  useful  to  the  general  Practitioner  in 

fc  in  want  of  a  practical  manual  relating  especially  to    I  thenianagenientof  many  incidental  affections  connected 

diseases  of  the  teeth." — Medical  Brief.                              i  with  the   teeth  and   mouth,  which   cannot  always  be 

I  handed  over  to  the  specialist." — Pacific  Med.  Journal 

STILLE,  ON  MENINGITIS. 

Epidemic  Meningitis,  or  Cerebro-spinal  Meningitis.  By  Alfred  Stille,  m.d.. 
Professor  of  Practice  at  the  University  of  Pennsylvania.     8vo.  Price  $2.00 

"  The  name  of  the  author  is  a  sufficient  guarantee  that  this  monograph  is  elegant  in  style,  exhaustive  of  its  sub- 
ject and  rich  with  practical  suggestions." — Philadelphia  Medical  and  Surgical  Reporter. 

STOKES,  DISEASES  OF  THE  HEART. 

The  Diseases  of  the  Heart  and  Aorta.  By  William  Stokes,  m.d.  Thick 
8vo.  Price  $3.00 

SWAIN,  SURGICAL  EMERGENCIES. 

Surgical  Emergencies:  Concise  Descriptions  of  the  Various  Accidents  and 
Emergencies,  with  Directions  for  their  Treatment.  By  Wm.  Paul  Swain,  f.r. 
C.S.     Eighty-two  Illustrations.     i2mo.  Price  $2.00 

Co>rrENTS. — Chapter  I.  Injuries  to  the  Head.  II.  Injuries  to  the  Eye.  HI.  Injuries  to  the  Mouth, 
Pharynx,  CEsophagus,  and  Larynx.  IV.  The  Chest.  V.  The  Upper  Extremity.  VI.  The  Abdomen.  VII. 
The  Pelvis.  VIII.  The  Lower  Extremity.  IX.  Emergencies  connected  with  Parturition.  X.  Poisoning. 
XI.  Antiseptic  Treatment.     XII.  Apparatus  and  Dressing. 

"  Many  surgeons  v/ill  thank  Dr.  Swain  for  the  trouble  he  has  taken  to  put  them  easily  in  ptossession  of  this  re- 
fresher of  ^a^  forgotten  knowledge. —  The   Practitioner. 

SWERINGEN,  REFERENCE  BOOK. 

A  Pharmaceutical  Lexicon  or  Dictionary  of  Pharmaceutical  Science.  Contain- 
ing explanations  of  the  various  subjects  and  terms  of  Pharmacy,  with  appropriate 
selections  from  the  Collateral  Sciences.  Formulae  for  Officinal,  Empirical,  and 
Dietetic  Preparations,  etc.,  etc.     By  Hiram.  V.  Sweringen,  m.d.     8vo. 

Price,  Cloth,  $3.00;  Leather,  $4.00 

"  It  is  worthy  of  a  welcome,  and  sure  of  a  ready  recognition  of  its  merits." — London  Pharmaceutical  yournal. 
"It  will  prove  of  great  service  to  the  pharmaceutical  student,  apprentice,  pharmacist,  druggist  and  physician,  as 
a  book  of  ready  reference  and  as  an  aid  to  the  study  of  scientific  works." — American  Journal  of  Pharmacy. 

THOMPSON,  LITHOTOMY  AND  LITHOTRITY. 

Practical  Lithotomy  and  Lithotrity;  or,  an  Inquiry  into  the  best  Modes  of 
Removing  Stone  from  the  Bladder.  By  Sir  Henry  Thompson,  f.r.c.s..  Emer- 
itus Professor  of  Clinical  Surgery  in  University  College.  Third  Edition.  8vo. 
With  87  Engravings.  Price  $3.50 

"  The  chapters  of  iHost  interest  are  those  in  which  Bigelow's  operation  is  discussed,  and  the  final  one,  in 
which  is  a  record  of  500  operations  for  stone  in  cases  of  male  adults  under  the  author's  care.  Such  a  table  has 
never  before  been  compiled  by  any  surgeon." — Lancet. 

BY   SAME   AUTHOR. 

URINARY  ORGANS.     Seventh  Edition. 

Diseases  of  the  Urinary  Organs.  Clinical  Lectures.  Seventh  London  Edition. 
Enlarged,  with  73  Illustrations.  Price,  Cloth,  $1.25  ;  Paper,  .75 

ON  THE  PROSTATE. 

Diseases  of  the  Prostate.  Their  Pathology  and  Treatment.  Fifth  London 
Edition.     8vo.     With  Numerous  Plates.     Price,  Clolh,  |i. 25  ;  Paper,  ,75. 

CALCULOUS  DISEASES. 

The  Preventive  Treatment  of  Calculous  Disease,  and  the  Use  of  Solvent 
Remedies.     Second  Edition.     i6mo.  Price  $1.00 

"Catholic  in  his  investigation  of  the  fruit  of  the  labor  of  others,  cautious  in  all  his  deductions,  rejecting  all  spe- 
cious theories  in  the  effort  to  obtain  practically  useful  results,  as  clever  with  his  pen  as  he  is  with  the  sound  or 
lithotrite,  one  can  scarcely  wonder  that  he  is  &teemed  the  master  that  he  is." — American  Jourr.al  of  Medico. 
Science. 
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THOMPSON,  COUGHS  AND  COLDS. 

The  Causes,  Nature,  and  Treatment  of  Coughs  and  Colds.  By  E.  S.  Thomp- 
son, M.D.     i6mo.  Price  .60 

THOROWGOOD,  MATERIA  MEDICA. 

The  Student's  Guide  to  Materia  Medica.  By  John  C.  Thorowgood,  m.d. 
Illustrated.     318  pages.     i2mo.  Price  %2.oo 

BY   SAME   AUTHOR. 

ON  ASTHMA. 

The  Forms,  Nature,  and  Treatment  of  Asthma.     i2mo. 

TUSON,  VETERINARY  PHARMACOPCEIA. 

A  Pharmacopoeia,  Including  the  Outlines  of  Materia  Medica  and  Therapeu- 
tics. For  the  Use  of  Students  and  Practitioners  of  Veterinary  Medicine.  By 
Richard  V.  Tuson,  f.c.s.     Third  Edition.     i2mo.  Price  $2.50 

"  Not  only  practitioners  and  students  of  veterin.iry  medicine,  but  chemists  and  druggists  will  find  tb.-it  this 
book  supplies  a  want  in  veterinary  literature." — Druggist  and  Chemist. 

THUDICHUM  ON  THE  URINE.     Second  Edition. 

The  Pathology  of  the  Urine  and  Complete  Guide  to  Analysis.  By  John  L. 
W.    Thudichum,    m.d.      Second    Edition.     Enlarged  and    Illustrated.      8vo. 

Price  #5.00 

"The  treatise  of  Dr.  Thudichum  is  well  known  as  one  of  the  medical  classics  of  the  language,  and  in  com- 
pleteness, thoroughness,  and  originality,  the  volume  before  us  has  few  rivals  in  any  branch  of  our  science.  For 
the  specialist,  for  the  physiological  chemist,  for  the  physiologist,  the  volume  of  Dr.  Thudichum  is  a  siue  qua 
lion,  and  to  such  the  new  edition  must  be  a  most  welcome  guest." — Philadelphia  Medical  Times. 

TROUSSEAU,  CLINICAL  MEDICINE. 

Lectures  on  Clinical  Medicine,  Delivered  at  the  Hotel  Dieu,  Paris,  by  A. 
Trousseau,  Professor  of  Clinical  Medicine  to  the  Faculty  of  Medicine,  Paris, 
etc.,  etc.  Translated  from  the  Third  Revised  and  Enlarged  Edition  by  P.  Vic- 
tor Bazire,  m.d  ,  London  and  Paris  ;  and  John  Rose  Cormack,  m.d.,  Edin- 
burgh, F.R.S.,  etc.  With  a  full  Index,  Table  of  Contents,  etc.  2  vols.  Svo. 
Sold  by  Subscription  only.  Price,  Cloth,  jjSS.oo;  Leather,  ^10.00 

Sydenham  Edition,  Same  Work.  5  Vols.  Svo.  Large  Print.  Price  |ii  5.00 
Trousseau's  Lectures  have  attained  a  reputation,  both  in  England  and  in  this 
country,  far  greater  than  any  work  of  a  similar  character  heretofore  written.  In 
order  to  bring  the  work  within  the  reach  of  all  the  profession,  the  publishers  now 
issue  an  American  edition,  containing  all  the  lectures  as  contained  in  the  five-vol- 
ume Sydenham  edition,  at  a  much  lower  price.  Below  are  a  few  only  of  the  many 
favorable  opinions  expressed  of  the  work: — 

"  A  clever  translation  of  Prof.  Trousseau's  admirable  "We  scarcely  know  of  any  book  better  fitted  for 
and  exhaustive  work  ;  the  best  book  of  reference  upon  presentation  to  a  young  man  when  entering  upon  the 
t]ic  Practice  of  Medicine." — Indiana  Medical  Gazette,      practical  work  of  his  life." — Loitdon  Medical  Titnes 

I  and  Gazette. 

TEST  TYPES. 

Selections  from  Snellen's  Test  Types  mounted  upon  heavy  card  board  ;  suit- 
able for  hanging  in  the  office.  Price  50  cents 

TIDY,  MODERN  CHEMISTRY. 

A  Hand-Book  of  Modern  Chemistry.  Organic  and  Inorganic.  By  C.  Mey- 
MOTT  Tidy,  m.d.     Svo.  Price  $5.00 

"We  doubt  if  any  other  chemical  work  containing  so  large  an  amount  of  information  could  be  procured." — 
Ehiblin  Medical  "Yournal. 
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TILT,  THE   CHANGE  OF  LIFE  IN  WOMEN. 

The  Change  of  Life  in  Health  and  Disease.  A  Practical  Treatise  on  the 
Diseases  incidental  to  Women  at  the  Decline  of  Life.  By  Edward  John  Tilt, 
M.D.     Fourth  London  Edition.     8vo.  Price,  Cloth,  $1.25  ;  Paper  cover,  .75 

"  We  believe  Dr.  Tilt  brings  much  more  than  ordinary  merit  to  bear  on  his  subject,  and  handles  it  accord- 
ingly.    Few  boolcs  are  issued  that  are  more  indispensable  to  the  general  practitioner." — Phila.  Med.  Times. 

"  Dr.  Tilt's  clear  and  concise  style  makes  the  book  at  once  a  pleasant  one  to  read  and  an  easy  guide  to  follow, 
and  we  are  quite  sure  it  is  the  most  valuable  one  we  have  on  the  subject." — Boston  Med.  &"  Surg.  Journal. 

"  The  best  work  on  the  subject." — London  Lancet. 

TOMES,  DENTAL  ANATOMY.     Second  Edition. 

A  Manual  of  Dental  Anatomy,  Human  and  Comparative.  By  C.  S.  Tomes, 
D.D.s.     With  179  Illustrations.     Second  Edition.     i2mo.  Price  $4.25 

TOMES,  DENTAL  SURGERY. 

A  System  of  Dental  Surgery.  By  John  Tomes,  f.r.s.  The  Second  Edition, 
Revised  and  Enlarged.     By  C.  S.  Tomes,  d.d.s.     With  263  Illustrations.     i2mo. 

Price  |i5.oo 

"  We  rejoice  that  such  books  as  these  (Dr.  Tom.es'  Works)  are  demanded  by  the  profession,  and  that  the  men 
to  write  them  are  furnished  by  the  profession." — Dental  Cosmos. 

TAFT,  OPERATIVE  DENTISTRY.     Fourth  Edition. 

A  Practical  Treatise  on  Operative  Dentistry.  By  Jonathan  Taft,  d.d.s. 
Fourth  Revised  and  Enlarged  Edition.     Over  100  Illustrations.     8vo. 

Price,  Cloth,  $4.25  ;  Leather,  5.00 

"All  the  important  operations,  in  all  their  modifica- 
Mons,  are  clearly  discussed  by  the  author,  and  the 
work  is  highly  practical  throughout." — Dental  Regis- 
ter. 


"  It  is  a  thorough  and  complete  treatise  on  the  Art 
of  Practical  Dentistry." — London  Medical  Times  and 
Gazette. 


TANNER,  INDEX  OF  DISEASES.     Second  Edition. 

An  Index  of  Diseases  and  their  Treatment.    By  Thos.  Hawkes  Tanner,  M.D., 

F.R.c.P.    Second  Edition.    Revised  and  Enlarged.    By  W.  H.  Broadbent,  m.d. 

With  Additions.     Appendix  of  Formulae,  etc.     8vo.  Price  i?3.oo 

By  this  useful  hand-book  the  character  of  any  disease  may  be  determined  in  a 

moment,  and  the  general  outline  of  treatment  pursued  by  the  best  authorities  made 

apparent. 

"  This  work,  like  others  from  the  gifted  author,  has  {  "  Finally,  a  chapter  on  the  climates,  countries,  mine- 
already  won  for  itself  a  reputation."  .  .  .  "  Ife  is  |  ral  springs,  etc.,  best  adapted  to  the, various  classes  of 
in  truth  what  its  title  indicates." — New  York  Medical  invalids,  makes  this  work  the  most  complete  practi- 
Record.  tioner's  manual  that  we  have  yet  seen. — Chicago  Medi- 

I  cat  Times. 

BY   SAME   AUTHOR. 

THE  DISEASES  OF  INFANCY. 

A  Practical  Treatise  on  the  Diseases  of  Infancy  and  Childhood.  Third  Edi- 
tion. Carefully  Revised  and  much  Enlarged.  By  Alfred  Meadows,  m.d. 
8vo.  Price  $3.00 

Recommended  as  a  Text-book  at  Jefferson  Medical  College  and  other  schools  of 
Medicine. 

"One  of  the  most  careful,  ornate,  and  accessible  I  "We  consider  the  views  of  the  author  on  the  subject 
manuals  on  the  subject." — London  Lancet.  of  therapeutics  as   rational   in  the  highest  degree." — 

I    Boston  Medical  and  Surgical  Journal. 

MEMORANDA  OF  POISONS. 

A  Memoranda  of  Poisons  and  their  Antidotes  and  Tests.  Fifth  American, 
from  the  Last  London  Edition.     Revised  and  Enlarged.  In  Press. 

This  most  complete  Toxicological  Manual  should  be  within  reach  of  all  physi- 
cians and  pharmacists,  and  as  an  addition  to  every  family  library,  would  be  thc 
means  of  saving  life  and  allaying  pain  when  the  delay  of  sending  for  a  physician 
would  prove  fatal. 
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TIBBETS,  MEDICAL  ELECTRICITY. 

A  Hand-book  of  Medical  Electricity.  Giving  full  directions  for  its  Applica- 
tion, etc.     By  Herbert  Tibbets,  m.d.     64  Illustrations.     8vo. 

TRANSACTIONS  OF  THE  COLLEGE  OF  PHYSICIANS. 

The  Transactions  of  the  College  of  Physicians  of  Philadelphia.  New  Series. 
Vols.  I,  II,  III,  IV.     8vo.  Price,  per  volume,  $1.^0 

Vol.  V.  Containing  Articles  and  Discourses  by  Drs.  Atlee,  DaCosta,  Mills, 
A.  V.  Meigs,  H.  C.  Wood,  Cohen  ;  Profs.  Tyson,  Gross,  Bartholow,  Allen,  Leeds 
and  others.    Just  Ready.  Cloth,  Gilt  Top,  ^3.50 

TYSON,  BRIGHT'S  DISEASE  AND  DIABETES. 

A  Treatise  on  Diabetes  and  Bright' s  Disease.  With  Especial  Reference  to 
Pathology  and  Therapeutics.  By  James  Tyson,  m.d..  Professor  of  Pathology 
and  Morbid  Anatomy  in  the  University  of  Pennsylvania.  With  Colored  Plates 
and  many  Wood  Engravings.     8vo.  Price  $3.50 

"This  volume  is  the  outcome  of  some  fifteen  years'  '  "The  symptoms  are  clearly  defined,  and  the  treat- 
special  study  and  observation,  aAd  w^ill  be  found  to  be  |  ment  is  exceedingly  well  described,  so  that  every  one 

a  very  well  prepared  monograph His  direc-  j  reading  the  book  must  be  profited  " — Cincinnati  Lar.- 

tions  are  clear  and  minute. — Med.  and  Surg.  Reporter.  \  cet  and  Clinic. 

BY   SAME   AUTHOR. 

GUIDE  TO  THE  EXAMINATION  OF   URINE. 

A  Practical  Guide  to  the  Examination  of  Urine.  For  the  use  of  Physicians  and 

Students.    With  Colored  Plates  and  Numerous  Illustrations  Engraved  on  Wood. 

Fourth  Edition.     i2mo.  Price  I1.50 

Advantage  has  been  taken,  in  bringing  out  a  new  edition  of  this  work,  not  only  to 

correct  the  previous  one,  but  to  make  such  additions  of  new  Facts  and  Processes  as 

would  add  to  its  value  without  materially  increasing  its  size. 

"  Dr.  Tyson  commences  with  a  short  account  of  the  theory  of  renal  secretion,  the  physical  and  chemical  charac- 
ters of  the  urine,  and  the  reagents  and  apparatus  used  in  its  analysis.  Excellent  rules  are  then  given  for  detecting 
the  presence  of  albumen,  sugar,  coloring-matters,  bile,  urea,  uric  acid,  chlorides,  phosphates  and  sulphates  ;  and 
minute  instructions  for  appro.ximative  and  quantitative  determination  of  most  of  those  ingredients  by  volumetric 
analysis  are  supplied." — Philadelphia  Medical  Times. 

"  We  have  experienced  both  pleasure  and  profit  ftom  the  perusal  of  this  book.  It  is  agreeably  written,  contains 
much  practical  information,  and  is,  we  believe,  a  reliable  and  satisfactory  guide  to  the  clinical  examination  oS 
urine.  We  can  recommend  Dr.  Tyson's  book  as  one  that  amply  supplies  the  clinical  needs  of  the  physician." — 
Dublin  Jourtial  of  Medical  Science. 

THE  CELL  DOCTRINE.     Second  Edition. 

The  Cell  Doctrine.  Its  History  and  Present  State.  With  a  Copious  Biblio- 
graphy of  the  subject.  Illustrated  by  a  Colored  Plate  and  Wood  Cuts.  Second 
Edition.     Svo.  Price  ^2.00 

TURNBULL,  ARTIFICIAL  ANESTHESIA. 

The  Advantages  and  Accidents  of  Artificial  Anaesthesia  ;  Its  Employment  in 
the  Treatment  of  Disease ;  Modes  of  Administration  ;  Considering  their  Rela- 
tive Risks ;  Tests  of  Purity ;  Treatment  of  Asphyxia ;  Spasms  of  the  Glottis ; 
Syncope,  etc.  By  Laurence  Turnbull.  m.d.,  ph. g.,  Aural  Surgeon  to  Jeffer- 
son College  Hospital,  etc.  Second  Edition.  Revised  and  Enlarged.  With  27 
Illustrations  of  Various  Forms  of  Inhalers,  etc.     i2mo.  Price  ^1.50 

"  Anaesthesia  is  a  subject  of  great  interest  and  importance  to  physicians  and  dentists,  and  everything  that  will 
aid  them  in  better  understanding  the  subject  is  .sought  with  great  avidity.  This  work  we  regard  as  the  best  aid  in 
the  study  of  the  subject,  and  it  presents  the  subject  up  to  the  present  Voxxr."— Dental  Register. 

TEALE,  DANGERS   TO    HEALTH.     Third  Edition. 

A  Pictorial  Guide  to  Domestic  Sanitary  Defects.  By  T.  Pridjin  Teale,  m.d.. 
F.R.c.s.     With  Colored  Plates.     Svo.  Price  $3.50 


"  Its  low  price  and  portability  make  it  accessible  and 
convenient  to  every  surgical  registrar  and  practitioner." 
— British  Medical  yournal. 
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VACHER,  CHEMISTRY. 

A  Primer  of  Chemistry,     Including  Analysis.     By  Arthur  Vacher.     i8mo. 

Price  .50 

VIRCHOW,  POST-MORTEM  EXAMINATIONS.  Second  Edi- 
tion. 

Post-mortem  Examinations.  A  Description  and  Explanation  of  the  Method 
of  Performing  them  in  the  Dead  House  of  the  Berlin  Charite  Hospital,  with 
especial  reference  to  Medico-legal  Practice.  By  Prof.  Virchow.  Translated 
by  Dr.  T.  P.  Smith.     Second  Edition.     i2mo.     With  4  Plates.  Price  $1.25 

/    "  A  most  useful  manual  from    the  pen  of  a  master. 
.     .  .     For  thorough  and   systematic  method  in 

the  performance  of  post-mortem  examinations,  there  is 
no  guide  like  it." — Lancet. 

WAGSTAFFE,   HUMAN  OSTEOLOGY. 

The  Student's  Guide  to  Human  Osteology.  By  William  Warwick  Wag- 
STAFFE,  F.R.c.s.  With  23  Lithographic  Plates  of  the  Bones,  Showing  Muscle 
Attachments,  and  60  Wood  Engravings.     i2mo.  Price  $1.00 

WALTON,  DISEASES  OF  THE  EYE.     Third  Edition. 

A  Practical  Treatise  on  Diseases  of  the  Eye.  By  Haynes  Walton,  m.d. 
Third  Edition.  Rewritten  and  Enlarged.  With  five  plain  and  three  colored 
full-page  Plates;  and  many  other  Illustrations,  Test  Types,  etc.  Nearly  1200 
pages.     8vo.  Price  $9.00 

WARNER,  CASE  TAKING. 

The  Student's  Guide  to  Medical  Case  Taking.  By  Francis  Warner,  m.d.. 
M.R.C.P.,  etc.     i2mo.     Cloth.  Price  $1.75 

General  Diseases. — Class  i.  Class  2.  Arthritic  Diseases.  Diseases  of  the  Nervous  System.  Of  the  Vas- 
cular System.  Of  the  Respiratory  System.  Of  the  Digestive  System.  Of  the  Liver.  Of  the  Urinary  System, 
Instruction  for  Case  Taking. 

WATERS,  DISEASES  OF  THE  CHEST.     Second  Edition. 

The  Diseases  of  the  Chest.  Their  Clinical  History,  Pathology  and  Treat- 
ment. By  A.  T.  H.  Waters,  m.d..  Fellow  Royal  College  of  Physicians.  With 
Numerous  Illustrative  Cases  and  Lithographic  Plates.     8vo.  Price  $4.00 

"  The  present  edition  contains  new  chapters  on  hsemoptysis,  hay  fever,  aortic  regurgitation,  mitral  constriction, 
thoracic  aneurism,  and  the  use  of  chloral  in  certain  diseases  of  the  chest ;  other  chapters  have  received  additions 
of  cases  and  remarks  on  treatment.  Some  characteristic  sphygmographic  tracings  have  also  been  added." — Bos- 
ton Medical  and  Surgical  Journal. 

WOOD,  BRAINWORK. 

Brainwork  and  Overwork.     By  Prof.  H.  C.  Wood,  Jr.     32mo. 

Price,  Paper  cover,  .30;  Cloth  .50 

WEDLS,  DENTAL  PATHOLOGY. 

With  Special  Reference  to  the  Anatomy  and  Pl^ysiology  of  the  Teeth.  With 
Notes  by  Thos.  B.  Hitchcock,  m.d.,  of  Harvard  University.  105  lUustra- 
trations.     8vo.  Price,  Cloth,  $3.50;  Leather,  %\.^o 

WHITTAKER,  ON  THE  URINE. 

Student's  Primer  on  the  Urine.  By  J.  Travis  Whittaker,  m.d.,  Physician  to 
Anderson's  College  Dispensary.     With  Illustrations  Etched  on  Copper.     i6mo. 

Price  ^^1.50 

Physiological  Study  of  Urine— Sensation  in  Passing.  Quantity.  Color.  Odor.  Specific  Gravity.  History' 
and  Behavior.  Sediment  or  Deposits.  Chemical  Study  of  Urine — Reaction.  Albumen.  Chlorides.  Ammonia. 
Urea.  Phosphates.  Blood.  Sugar.  Bile.  Microscopical  Study  of  Urine  and  Urinary  Deposits— Amorphous 
Urates.  Uric  Acid.  Triple  Phosphates.  Phosphate  of  Lime.  Feathery  Phosphates .  Oxalate  of  Lime.  Urate 
of  Soda  and  of  Ammonia.     Cystine.     Tyrosine.     Leucine.    Cholesterine.     Epithelium.      Fat  Globules,    etc. 

"The  plates  are  possessed  of  great  versimilitude,  as  well  as  in  other  respects  admirable." — Med.  Tijnes. 

"  Neat  and  concise,  and  the  illustrations  are  very  good  testimony  of  the  claim  which  he  makes  of  the  suitability 
^^f  the  etching  needle  for  delineation  of  microscopical  appearances," — Boston  Med.  and  Surg:  yournai. 
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WEST,  THE  DISEASES  OF  WOMEN.     Fourth  Edition. 

Lectures  on   the   Diseases   of  Women.     By  Charles  West,  m.d.     Fourth 
London  Edition.     Revised  and  in  part  re-written  by  the  Author.     With  Numer- 
ous Additions  by  J.  Mathews  Duncan,  m.d.,  Obstetric  Physician  to  St.  Bar- 
tholomew's Hospital     8vo.  Price  $5.00 
Drs.  West  and  Duncan   are,  perhaps,  the  most  celebrated    London  physicians 
giving  attention  to  the  Diseases  of  Women,  and  together  have  made  a  most  com- 
plete work,  either  for  the  physician  or  student. 

WILKS,  PATHOLOGICAL  ANATOMY. 

Lectures  on  Pathological  Anatomy.  By  Samuel  Wilkes,  f.r.s.  Second 
Edition.  Revised  and  Enlarged  by  Walter  Moxon,  m.d.,  f.r.s..  Physician  to 
and  Lecturer  at  Guy's  Hospital,  London.     8vo.  Price  ^6.00 

BY   same   author. 

DISEASES  OF  THE  NERVOUS  SYSTEM. 

Lectures  on  Diseases  of  the  Nervous  System,  Delivered  at  Guy's  Hospital, 
London.     New  Edition,  with  Additions,  Numerous  Illustrative  Cases,  etc.     8vo. 

Cloth,  ^6.00 

"  A  book  of  great  value,  embodying  as  It  does  the  results  of  the  experience  and  observation  of  one  of  the  most 
accomplished  of  the  London  Hospital  Physicians." — American  yournal  of  Medical  Science. 

WRIGHT,  ON  HEADACHES.     Ninth  Thousand. 

Headaches,  their  Causes,  Nature  and  Treatment.  By  Henry  G.  Wright, 
M.D     i2mo.  Price  .50 

WILSON,  ON  DRAINAGE. 

Drainage  for  Health ;  or,  Easy  Lessons  in  Sanitary  Science,  with  Numerous 
Illustrations.  By  Joseph  Wilson,  m.d.,  Medical  Director  United  States  Navy. 
One  Vol.     Octavo.  Price  f  i.oo 


"  Dr.  Wilson  is  favorably  known  as  one  of  the  lead- 
ing American  writers  on  hygiene  and  public  health. 
The  book  deserves  popularity." — Medical  and  Surgi- 
cal Reporter. 


"  Easily  understood,  and  brieiiy  and  concisely  pre- 
sented."— Providence  yournal. 

"Will  be  found  of  value." — Boston  Transcript. 
"Worthy  of  praise  as  a  popular  statement  of  the 


Well  written  and  well  illustrated.     Attention  to  its  |  subject." — Boston  yournal  of  Chemistry. 

teachings  may  save  much  disease  and  perhaps  many  i  ' '  Will  be  sure  to  be  a  harbinger  of  good  in  every  fam- 

lives." — Cincinnati  Gazette.  |  ily  whose  good  fortune  it  may  be  to  possess  a  copy." — 

"  Interesting  as  well  as  useful." — Philadelphia  Led-  \  Builder  and  Wood  Worker, 
ger. 

BY   SAME   AUTHOR. 

NAVAL  HYGIENE. 

Naval  Hygiene,  or.  Human  Health  and  Means  for  Preventing  Disease.  With 
Illustrative  Incidents  derived  from  Naval  Experience.  Illustrated.  Second 
Edition.     8vo.  Price  I3.00 

WILSON,    HOW  TO  LIVE. 

Health  and  Healthy  Homes.  A  Guide  to  Personal  and  Domestic  Hygiene. 
By  George  Wilson,  m.d..  Medical  Officer  of  Health.  Edited  by  Jos.  G. 
Richardson,  m.d..  Professor  of  Hygiene  at  the  University  of  Pennsylvania. 
314  pages.     i2mo.  Price  |i. 00 

Chapter  i. — Introductory,  page  17.  11.  The  Human  Body,  33.  iii.  Causes  of  Disease,  66.  iv.  Food  and 
Diet,  119.  V.  Cleanliness  and  Clothing,  169.  VI.  Exercise,  Recreation  and  Training,  187.  vil.  Home  and  Its 
Surroundings,  Drainage,  Warming,  etc.,  221.     viii.   Infectious  Diseases  and  their  Prevention,  269. 

"  A  most  useful,  and  in  every  way,  acceptable  book." — Nezu  York  Herald. 

"  Marked  throughout  by  a  sound,  scientific  spirit,  and  an  absence  of  all  hasty  generalizations,  sweeping  asser- 
tions, and  abuse  cf  statistics  in  support  of  the  writer's  particular  views.  .  .  .  We  cannot  speak  too  highly  of 
a  work  which  we  have  read  with  entire  satisfaction." — Medical  Times  and  Gazette. 

BY    same    author. 

A  HAND-BOOK  OF  HYGIENE 

And  Sanitary  bcience.  With  Illustrations.  Fourth  Edition.  Revised  and 
Enlarged.     8vo.  Price  $2.75 
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WILSON,  HUMAN  ANATOMY.     Tenth  Edition. 

The  Anatomist's  Vade-Mecum.  General  and  Special.  By  Prof.  Erasmus  Wil- 
son. Edited  by  George  Buchanan,  Professor  of  Clinical  Surgery  in  the  Uni- 
versity of  Glasgow ;  and  Henry  E.  Clark,  Lecturer  on  Anatomy  at  the  Royal 
Infirmary  School  of  Medicine,  Glasgow.  Tenth  Edition.  With  450  Engravings 
(including  26  Colored  Plates).     Crown  8vo.  Price  $6.00 

Recommended  as  a  Text-book  at  Rush  Medical  College,  Chicago ;  Bellevue  Hos- 
pital, New  York ;  St.  Louis  Medical  College  ;  Yale  and  Dartmouth  Schools ,  and 
many  other  Colleges. 

BY   SAME   AUTHOR. 

HEALTHY  SKIN.     Eighth  Edition. 

A  Practical  Treatise  on  the  Skin  and  Hair ;  their  Preservation  and  Manage- 
ment.    Eighth  Edition.     i2mo.     Paper.  Price  $1.00 

WILSON,  SEA  VOYAGES  FOR  HEALTH. 

The  Ocean  as  a  Health  Resort.  A  Hand-book  of  Practical  Information  as  to 
Sea  Voyages,  for  the  Use  of  Tourists  and  Invalids.  By  Wm.  S.  Wilson,  l.r.c.p. 
Lond.,  M.R.c.s.E.  With  a  Chart  showing  the  Ocean  Routes,  and  Illustrating  the 
Physical  Geography  of  the  Sea.     Crown  8vo.  Price  $2.50 

Chapter  i.  Curative  Eifects  of  the  Ocean  Climate.  2.  The  Various  Health  Voyages.  3.  Time  of  Starting — 
Choosing  a  Ship.  4.  Preliminary  Arrangements.  5.  Life  at  Sea.  6.  Climate  and  Weather.  7.  Management  of 
the  Health  at  Sea.  8.  Occupations  and  Amusements  at  Sea.  9.  Objects  of  Interest  at  Sea.  10.  End  of  the 
Voyage — Future  Plans.  11.  The  Homeward  Voyage.  12.  Australia:  its  Climate,  Cities,  and  Health  Resorts. 
13.  South  Africa  and  its  Climate.     14.  The  Meteorology  of  the  Ocean. 

Appendix  A. — Outfit  Required  for  a  Voyage  to  Australia.  B.  Names  and  Addresses  of  some  of  the  Principal 
Shipping  Firms. 

"All  the  information  is  supplied  by,  or  based  upon,  the  actual  experience  of  the  author;  and  the  book  may  be 
confidently  recommended  to  all  who  have  to  undertake,  without  previous  experience,  a  sea  voyage  of  any  length. 
Medical  men  may  consult  it  with  advantage,  and  commend  it  to  those  patients  whom  they  may  advise  to  try  the 
effect  of  a  long  voyage  at  sea." — Medical  Times  and  Gazette. 

"  We  have  read  every  page  of  this  book,  and  have  derived  both  instruction  and  amusement." — Lancet. 

WELLS,  OVARIAN  AND  UTERINE  TUMORS.     Just  Out. 

The  Diagnosis  and  Surgical  Treatment  of  Ovarian  and  Uterine  Tumors,  By 
T.  Spencer  Wells,  m.d.     Illustrated.     8vo.  Price,  Cloth,  $7.00 

So  long  a  time  having  elapsed  since  Dr.  Wells  has  collected  the  results  of  his 
large  experience  in  book  form,  the  present  volume  will  be  eagerly  looked  for  by  all 
interested  in  this  very  important  subject. 

WOLFE,  ON  DISEASES  OF  THE  EYE. 

A  Practical  Treatise  on  Diseases  and  Injuries  of  the  Eye.  Being  a  Course  of 
Systematic  and  Chnical  Lectures  to  Students  and  Medical  Practitioners.  By  M. 
Wolfe,  f.r.c.p.e..  Senior  Surgeon  to  the  Glasgow  Ophthalmic  Institution,  etc. 
With  10  Colored  Plates,  and  numerous  other  Illustrations.  Octavo.       Price  $7.00 

WALKER,  INTERMARRIAGE. 

Intermarriage,  or.  The  Mode  in  which,  and  the  Causes  why,  Beauty,  Health 
and  Intellect  result  from  certain  Unions ;  and  Deformity,  Disease  and  Insanity 
from  others.     Illustrated.     i2mo.  Price  $1.00 

WARD'S  COMPEND  OF  CHEMISTRY. 

A  Compend  of  Chemistry  for  Chemical  and  Medical  Students.  By  G.  Mason 
Ward,  m.d..  Demonstrator  of  Chemistry  in  Jefferson  Medical  College,  Phila- 
delphia. Containing  a  Table  of  Elements  and  Tables  for  the  Detection  of 
Metals  in  Solutions  of  Mixed  Substances,  etc.     i2mo.     Cloth. 

Interleaved  for  the  addition  of  Notes,  I1.25;  plain,  $1.00 
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WOODMAN  and  TIDY,  MEDICAL  JURISPRUDENCE. 

Forensic  Medicine  and  Toxicology.  By  W.  Bathurst  Woodman,  m.d., 
Physician  to  the  London  Hospital,  and  Charles  Meymott  Tidy,  f.c.s.,  Pro- 
fessor of  Chemistry  and  Medical  Jurisprudence  at  the  London  Hospital.  With 
Chromo-Lithographic  Plates,  representing  the  Appearance  of  the  Stomach  in 
Poisoning  by  Arsenic,  Corrosive  Sublimate,  Nitric  Acid,  Oxalic  Acid  ;  the  Spectra 
of  Blood  and  the  Microscopic  Appearance  of  Human  and  other  Hairs ;  and 
Ii6  other  Illustrations.     Large  octavo.     Sold  only  by  Subscription. 

Price,  Cloth,  ^7.50;  Medical  Sheep,  $8.50;  Law  Leather,  $8.50 

"  We  have  no  hesitation  in  pronouncing  the  work  to  be  one  of  unusual  merit.  More  readable  than  Taylor, 
more  systematic  in  its  arrangement,  and  more  practical  in  its  instruction,  it  will  prove  to  the  medical  jurist,  not 
less  than  to  the  general  practitioner,  a  storehouse  of  useful  knowledge,  conveyed  in  an  unusually  graphic  style." — 
Dublin  yournal  of  Medical  Science. 

"  The  authors  of  this  truly  great  work  have  largely  supplied  the  want  felt,  sooner  or  later,  by  almost  every 
doctor." — Cincinnati  Lancet  and  Observer. 

"All  the  best  known  works  on  Medical  Jurisprudence  have  been  laid  under  contribution  for  the  production  of 
the  present  volume.  It  contains  almost  everything  that  can  be  found  in  other  works  on  the  subject;  but  it  is  no 
mere  compilation.  Dr.  Woodman  and  Dr.  Tidy  have  both  thought  out  the  subject  for  themselves,  and,  with  rare 
industry  and  acumen,  have  brought  together  a  mass  of  facts  which  is  little  short  of  astounding.  The  book  is 
worthy  to  take  its  place  alongside  of  any  work  on  the  same  subject,  and  must  prove  of  great  use  to  all  who  prac- 
tice in  criminal  courts,  and  to  all  medical  practitioners.  We  have  no  hesitation  in  recommending  it  to  our  read- 
ers."— London  Lancet. 

"Altogether  the  work  will  rank  with  the  best  of  its  class  as  a  medico-legal  hand-book,  and  cannot  fail  to  gain 
a  wide  popularity." — Neija  York  Medical  Record. 

"  It  cannot  be  otherwise  than  a  valuable  contribution  to  the  boundless  subject  of  medical  jurisprudence." — 
Albany  Law  yournal. 

"The  scope  of  this  book  is  very  wide,  and  its  execution  worthy  of  all  commendation." — Philadelphia  Legal 
Intelligencer. 

WYTHE,  ON  THE  MICROSCOPE. 

The  Microscopist.  A  Manual  of  Microscopy  and  Compendium  of  the  Micro- 
scopic Sciences,  Micro-Mineralogy,  Micro-Chemistry,  Biology,  Histology,  and 
Practical  Medicine.  By  Joseph  H.  Wythe,  a.m.,  m.d.  Fourth  Edition.  252 
Illustrations.     8vo.  Price,  Cloth,  ^3.00;  Leather,  ^4.00 

An  Index  and  Glossary  have  been  combined  in  this  edition,  so  as  to  be  a  source 
of  valuable  information.  Notices  of  recent  additions  to  the  microscope,  together 
with  the  genera  of  microscopic  plants,  have  been  given  in  an  Appendix. 


"From  what  we  knew  of  the  author  of  this  work,  as 
a  skilled  practical  Microscopist,  a  successful  teacher  of 
the  science,  and  a  practitioner  of  medicine  and  surgery 
of  long  and  varied  experience,  we  had  a  right  to  expect 
agoodfbook  from  his  hands.  Our  expectations  are  fiiUy 
realized  in  the  volume  before  us.  The  style  is  clear 
and  distinct,  and  one  reads  the  book  with  the  utmost 
facility  of  comprehension.  It  is  the  more  valuable  to 
the  physician  and  medical  student  on  account  of  its 
closer  application  of  the  microscope  to  medical  subjects 
than  we  find  elsewhere.  The  numerous  plates,  many 
of  which  are  beautifully  colored,  are  not  to  be  excelled. 
We  feel  proud  of  it  as  an  American  production." — 
Pacific  Medical  and  Surgical  Journal. 


"  This  is  one  of  the  most  valuable  text-books  on  mi- 
croscopy ever  offered  to  students  or  practitioners  of 
medicine.  This  edition  has  been  greatly  enhanced  in 
value  by  the  addition  of  chapters  on  the  use  of  the 
microscope  in  pathology,  diagnosis,  and  etiology,  and 
numerous  new  illustrations,  some  of  which  are  from 
Rindfleisch. 

"  The  author  very  carefully  brings  out  every  neces- 
sary fact  and  principle  relating  to  the  use  of  the  micro- 
scope, and  now  that  this  instrument  has  become  an  es- 
sential part  of  every  practitioner's  armamentarium,  a 
practical  guide  and  reference  book  is  also  a  necessity, 
and  we  are  fully  warranted  in  reiterating  the  statement 
that  this  is  one  of  the  most  valuable  text-books  ever 
offered  to  students  and  practitioners  of  medicine." — 
The  Cincinnati  Lancet  and  Clinic. 


BY   SAME   AUTHOR. 

DOSE  AND  SYMPTOM  BOOK.     Eleventh  Edition. 

The  Physician's  Pocket  Dose  and  Symptom  Book.  Containing  the  Doses  and 
Uses  of  all  the  Principal  Articles  of  the  Materia  Medica,  and  Original  Prepara- 
tions.    Eleventh  Revised  Edition. 

Price,  Cloth,  $1.00;  Leather,  with  Tucks  and  Pocket,  $1.23 

"  The  chapter  on  Dietetic  Preparations  will  be  found  useful  to  all  practicing  physicians,  most  of  whom  have  but 
little  acquaintance  with  the  mode  of  preparing  the  various  articles  of  diet  for  the  sick." — Boston  Medical  and 
.Surgical  yournal. 


"Many  a  hard-worked  practitioner  will  find  it  a  useful  little  work  tohave  on  his  study  table. "- 
and  Shi  gical  yournal. 


-Canada  Medical 
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WHEELER,  MEDICAL  CHEMISTRY. 

Medical  Chemistry,  Including  the  OutUnes  of  Organic  and  Physiological 
Chemistry.     By  C.  Gilbert  Wheeler,  m.d.     Second  Edition.     i2mo. 

Price  I3.00 
WOAKES,  ON  DEAFNESS  AND  GIDDINESS. 

On  Deafness,  Giddiness  and  Noises  in  the  Head ;  or.  The  Naso-Pharyngeal 
Aspect  of  Ear  Disease.  By  Edward  Woakes,  M.d  ,  Senior  Aural  Surgeon  to 
the  Hospital  for  Diseases  of  the  Throat  and  Chest.  Third  Edition.  Revised  and 
Enlarged,  with  Additional  Illustrations.     i2mo. 

"  No  brief  summary  of  his  views  could  do  full  justice  to  the  cogency  and  subtlety  of  his  reasons.  We  prefer 
to  commend  the  whole'  work  to  the  thoughtful  perusal  of  all  intelligent  medical  practitioners  who  desire  to  rise 
above  the  level  of  mere  routine  empiricism." — Lancet. 

BY   THE   SAME   AUTHOR. 

^A^OAKES,  ON    NASAL  CATARRH. 

Post-nasal  Catarrh.     Its  Causes,  Consequences  and  Treatment.  In  Press. 


ILLUSTRATED    BOOKS. 

MEDICINAL  PLANTS. 

Being  Descriptions,  with  original  Figures,  of  the  Principal  Plants  employed  in 
Medicine,  and  an  account  of  their  Properties  and  Uses.  By  Robert  Bentley, 
F.L.S..  Professor  of  Botany  in  the  King's  College,  and  to  the  Pharmaceutical 
Society,  and  Henry  Trimens,  m.b.,  f.l.s.,  late  Lecturer  on  Botany  at  St. 
Mary's  Hospital  Medical  School.  In  42  Parts,  each,  ^2.00,  or  in  4  vols.,  large 
8vo,   with   306  Colored  Plates,  bound  in  half  morocco,  gilt  edged.  f  90.00 

AN  ATLAS  OF  TOPOGRAPHICAL  ANATOMY. 

After  Plane  Sections  of  Frozen  Bodies.  By  William  Braune,  Professor  of  Anatomy 
in  the  University  of  Leipzig.  Translated  by  Edward  Bellamy,  f.r.c.s..  Sur- 
geon to  and  Lecturer  on  Anatomy  at  Charing  Cross  Hospital.  With  34  Photo- 
lithographic Plates  and  46  Wood  cuts.     Large  imp.  8vo.  %  8.00 

ATLAS  OF  SKIN  DISEASES. 

Consisting  of  a  Series  of  Illustrations,  with  Descriptive  Text  and  Notes  upon 
Treatment.  By  Tilbury  Fox,  m.d.,  f.r.c.p.,  late  Physician  to  the  Department 
for  Skin  Diseases  in  University  College  Hospital.  With  72  Colored  Plates. 
In  18  Parts,  each,  $1.00  or,  i  Vol.,  Royal  4to,  Cloth.  $20.00 

AN  ATLAS  OF  HUMAN  ANATOMY. 

Illustrating  most  of  the  ordinary  Dissections,  and  many  not  usually  practiced  by 
the  Student.  By  Rickman  J.  Godlee,  M.S.,  f.r.c.s..  Assistant  Surgeon  to 
University  College  Hospital,  and  Senior  Demonstrator  of  Anatomy  in  Universi- 
ty College.  With  48  imp.  4to  Colored  Plates  (112  Figures),  and  a  volume  of  Ex- 
planatory Text.  $20.00 

A  COURSE  OF  OPERATIVE  SURGERY. 

By  Christopher  Heath,  f.r.c.s.,  Home  Professor  of  Clinical  Surgery  in  Uni- 
versity College,  and  Surgeon  to  the  Hospital.  With  20  Plates  drawn  from 
Nature  by  M.  Leveill6,  and  colored  by  hand  under  his  direction.     4to.     $14.00 

ILLUSTRATIONS  OF  CLINICAL  SURGERY. 

Consisting  of  Plates,  Photographs,  Wood  cuts,  Diagrams,  etc.,  etc.,  illustrat- 
ing Surgical  Diseases,  Symptoms,  and  Accidents  ;  also  Operative  and  other 
Methods  of  Treatment,  with  Descriptive  Letterpress.  By  Jonathan  Hutchin- 
son, f.r.c.s.,  Senior  Surgeon  to  the  London  Hospital.  Vol.  I,  containing  fas- 
ciculi I  to  X,  bound,  with  Appendix  and  Index.  $25.00 
Fasciculi  XI  to  XV.      Ready.                                                                 Each,  $2.50 


NOW  READY,  THE  SEVENTH  REVISED  EDITION. 

MEIGS  AND  PEPPER,  ON  CHILDREN. 

THE  MOST  THOROUGH,  COMPLETE  AND  PRACTICAL  WORK 
ON  THE  SUBJECT  NOW  BEFORE  THE  PROFESSION. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILD- 
REN. By  J.  Forsyth  Meigs,  m.d.,  one  of  the  Physicians  to  the  Pennsylvania 
Hospital,  Consulting  Physician  to  the  Children's  Hospital,  etc.,  and  William 
Pepper,  m.d.,  Professor  of  Clinical  Medicine,  University  of  Pennsylvania,  Provost 
and  ex-officio  President  of  the  Faculty,  Physician  to  the  Philadelphia  Hospital, 

Fellow  of  the  College  of  Physicians,  etc.,  etc.    The  Seventh  Revised  and  Improved 

Edition.     In  one  volume  of  over  iioo  royal  octavo  pages. 

Price,  handsomely  bound  in  Cloth,  ^6.00;  Leather  $j.oo. 

The  rapid  sale  of  six  large  editions  of  Drs.  Meigs  and  Pepper's  work  on  Children, 
and  the  demand  for  the  new  edition  now  ready,  is  sufficient  evidence  of  its  great 
popularity.  The  large  practice,  of  many  years'  standing,  of  the  authors,  imparts  to  it  a 
value  unequaled,  probably,  by  any  other  on  the  subject  now  before  the  profession. 

The  entire  work  has  been  now  again  subjected  to  an  entire  and  thorough  revision, 
some  articles  have  been  rewritten,  many  additions  made,  and  great  care  observed  by 
the  authors,  that  it  should  be  most  effectually  brought  up  to  the  light,  pathological 
and  therapeutical,  of  the  present  day. 

The  publishers  have  very  many  favorable  notices  of  the  previous  editions,  re- 
ceived from  numerous  sources,  foreign  and  domestic.  They  append  a  few  from  lead- 
ing journals,  which  will  give  a  general  idea  of  the  value  placed  upon  it,  both  as  a 
Text-Book  for  the  Student  and  a  work  of  reference  for  the  General  Practitioner. 

"  It  is  the  most  complete  work  upon  the  subject  in  our  language  ;  it  contains  at  once  the  results  of  personal  and 
the  experience  of  others ;  its  quotations  from  the  most  recent  authorities,  both  at  home  and  abroad,  are  ample,  and 
we  think  the  authors  deserve  congratulations  for  having  produced  a  book  unequaled  for  the  use  of  the  student, 
and  indispensable  as  a  work  of  reference  for  the  ^^ra-CUtioaer ." —American  Medical  yourns-l. 


"  But  as  a  scientific  guide  in  the  diagnosis  and  treatment  of  the  diseases  of  children,  we  do  not  hesitate  to  say- 
that  we  have  seldom  met  with  a  text-book  so  cor--olete,  so  just,  and  so  readable,  as  the  one  before  us,  which  in  its 
new  form  cannot  fail  to  make  friends  wherever  it  Siiall  go,  and  wherever  great  erudition,  practical  tact,  and  fluent 
and  agreeable  diction  are  appreciated." — American  Journal  of  Obstetrics. 


"  It  is  only  three  years  since  we  had  the  pleasure  of  recommending  the  Fifth  Edition  of  this  excellent  work. 
With  the  recent  additions  it  may  safely  be  pronounced  one  of  the  best  and  most  comprehensive  works  on  diseases 
of  children  of  which  the  American  Practitioner  can  avail  himself,  for  study  or  reference.'' — JV.  Y.  Med.  Journal. 


"  It  is  not  necessary  to  say  much,  in  the  way  of  criticism,  of  a  work  so  well  known.  But  it  is  clinical.  Like  so 
many  other  good  American  medical  backs,  it  marvelously  combines  a  resume  of  all  the  best  European  literature 
and  practice,  with  evidence  throughout  of  good  personal  judgment,  knowledge,  and  experience.  The  book  also 
abounds  in  exposition  of  American  experience  and  observation  in  all  that  relates  to  the  diseases  of  children.  We 
are  glad  to  add  it  to  our  hbrary.  There  are  few  diseases  of  children  which  it  does  not  treat  of  fully  and  wisely,  in 
the  light  of  the  latest  physiological,  pathological,  and  therapeutical  science." — London  Lancet. 
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THE  Publishers  call  special  attention  to  this  work,  the  only  thorough  book  now 
before  the  profession.     The  reputation  of  its  distinguished  author  is  a  guar- 
antee of  its  merits. 

THE  AUTHOR,  IN  HIS  PREFACE,  SA^b; 

THIS  NEWTREA  TISE,  which  I  have  thought  fit  to  entitle  Diseases  of  the  Liver,  with 
and  without  Jaundice,  with  special  application  to  Diagnosis  and  Treatment, 
embodies  within  it  the  whole  substance  of  my  original  monograph  on  Jaundice  and 
Diseases  of  the  Liver;  though  greater  than  it,  both  as  regards  its  scope  and 
materials,  and  the  large  amount  of  clinical  and  scientific  data  that  has  never 
before  been  collected  together  into  one  volume;  while  in  a  great  many  instances 
it  gives  a  new  rendering  to  old  clinical  facts,  by  presenting  them  to  the  reader  in 
the  light  of  modern  pathological  science. 

As  I  think  time  is  quite  of  as  much  value  to  the  professional  as  it  is  to  the  mercantile  man, 
I  have  endeavored  to  condense  my  materials  to  the  utmost,  without  running  the 
risk  of  endangering  their  perspicuity.  Added  to  which,  as  this  treatise  has  not 
been  penned  either  for  the  use  of  the  tyro  or  the  dilettante  in  medicine,  but  for 
that  of  my  qualified  brethren,  I  shall  neither  waste  time  by  entering  into  detailed 
accounts  of  the  literature,  nor  give  tedious,  and  probably  at  the  same  time  profit- 
less, discussions  of  the  theories  of  the  mechanism  of  jaundice  in  hepatic  derange- 
ments. Taking  care,  however,  in  order  that  it  may  carry  more  weight  with  it 
in  the  eyes  of  the  reader,  to  illustrate  it  freely  with  cases  reported  by  indepen- 
dent observers,  both  at  home  and  abroad.  While,  in  order,  again,  that  the  reader 
may  be  able  to  see  for  himself,  at  a  glance,  how  many  of  the  old-fashioned  theories 
of  the  pathology  of  jaundice  have  been  abandoned,  as  well  as  how  many  new  ones 
have  been  espoused,  I  have  put  my  views,  in  accordance  with  the  facts  and 
arguments  expressed  throughout  the  body  of  the  volume,  into  a  concise  and 
diagrammatic  tabular  form.  '• 

f  WOULD  DIRECT  Xh^  special  attention  of  my  readers  to  the  chapter  devoted  to 
treatment,  as  well  as  that  at  the  end  of  the  book,  entitled  Hints  on  Diagnosis, 

SYNOPSIS    OF  THE   CONTENTS. 

Introduction,  giving  a  general  view  of  the  scope  of  the 
volume,  and  the  application  of  Physiological  Chemistry 
to  the  diagnosis  and  treatment  of  Hepatic  affections. 

Chemistry,  Physics  and  Physiology  of  the  Liver  and 
its  secretions. 

Etiology  of  Jaundice — different  kinds — causes  pro- 
ducing thi;m — treatment. 

Sign?  and  Symptoms  of  Liver  Diseases. 
^General  remarks  on  all  kinds  of  Hepatic  Remedies. 

Special  Hepatic  Medicines ;  their  modes  of  action 
a.nd  uses. 

Vlineral  Waters,  Wines  and  Foods ;  treatment  of 
Pyrexia,  Cerebral  complications,  etc. 

Congenital  and  Hereditary  Liver  Diseases,  Bilious- 
ness ;  Its  Varieties  and  Treatment. 

Jaundice  from  Enervation,  all  its  forms  explained  and 
their  different  Treatments 

Different  forms  of  Inflammation  of  the  Liver  and  their 
Treatments. 

Jaundice  caused  by  Disease  Germs,  Yellow  Fevers, 
Contagious  and  Epidemic  Jaundice,  different  kinds  and 
ieir  Treatments. 

Jaundice  of  Pregnancy. 

Different  forms  of  Hepatic  Atrophy  and  Ascites. 


Biliary  Concretions,  Inspissated  Bile,  Gall-Stones  of 
every  kind  and  form,  direct  and  inairect  effects  of, 
their  Symptoms  and   Treatment,  very  fully  gone  into. 

Different  kinds  of  Colics,  etc. 

Catarrhal  Jaundice. 

Jaundice  from  Poisons. 

Different  kinds  of  Jaundice  from  Permanent  Obstruc- 
tions. 

Physiological  Chemistry  of  the  Excretions,  Urfne 
and  Stools,  as  a  Guide  to  Diagnosis  and  Treatment. 

All  kinds  of  Abscess,  Tropical,  Pyaemic,  Metastatic, 
etc. 

Different  kinds  of  Cancers  of  the  Liver  and  its  Appen- 
dages. 

Hydatid  and  Cystic  Diseases  of  the  Liver;  Syphilitic 
and  Fibroid  Diseases  of  the  Liver. 

Embolisms,  Fatty,  Amyloid  and  other  Degenerations 
of  the  Liver. 

Traumatic  Diseases  of  the  Liver. 

Diseases  of  the  Gall  Bladder. 

A  concluding  chapter,  entitled  Hints  on  Differential 
Diagnosis. 

Index. 
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PRESS  NOTICES  AND  RECOMMENDATIONS 

OF 

Dr.  George  Harley's  New  Book  on 

Diseases  of  the  Liver. 


"  The  Medical  Profession,  botli  n  EnglaiK  and  Amer- 
ica, has  for  some  time  been  on  Vi.i  qui  vive  j-t  this  new 
work  on  the  Liver,  both  because  hepatic  literature  is  mea- 
gre in  the  extreme,  and  because  it  was  well  known  that 
Prof.  Harley  was  specially  qualified  to  write  an  authorita- 
tive work  on  the  subject.  .  .  .  The  author  has  unques- 
tionably written  the  most  valuable  work  on  hepatic  dis- 
eases that  has  yet  appeared.  We  must  confess  that  we 
have  tried,  and  tried  hard,  to  find  some  error  in  the  work, 
to  preclude  the  charge  of  partiality  being  made." — Vir- 
ginia  Medical  Month  ly. 

"It  is  one  of  the  freshest,  Ttwst  readable,  and  most 
trtsiructive  medical  books  that  have  been  laid  upon  our 
table  during  the  present  decade.  ...  In  conclusion,  we 
commend  again  most  heartily  Dr.  Harley's  extremely 
valuable  book." — Philadelphia  Medical  Times. 

"  The  work  is  far  in  advance,  in  original  and  practical 
information,  of  any  treatise  on  the  subject  with  which  we 
are  acquainted,  and  is  worth  many  times  its  cost  to  any 
physician  treating  hepatic  troubles." — Chicago  Medical 
Times. 

"  The  whole  subject-matter  is  treated  in  a  masterly 
manner,  and  the  work  is  destined  to  find  a  place  among 
the  classics." — Medical  Herald,  Louisville ,  Ky. 

"  It  is  the  outcome  of  a  mind  that  went  to  its  task 
amply  equipped  therefor.  It  is  the  product  of  long  think- 
ing and  ripe  judgment.  .  .  .  We  must  content  ourselves 
with  this  bare  statement  hoping  that  those  who  read  the 
book  win  derive  as  much  benefit  as  ourselves." — Neu> 
Orleans  Medical  and  Surgical  yournal. 

"  The  work  before  us  is  one  of  the  most  thoroughly 
scientific  ever  offered  to  the  medical  profession  upon  the 
diagnosis  and  treatment  of  diseases  of  the  liver.  This 
book  will  prove  especially  valuable  to  the  Southern  prac- 
titioner, who,  on  account  of  climatic  influences,  is  daily 
forced  to  combat  these  ailments.  In  this  section  of 
country  hepatic  disorders  are  not  only  common  as  inde- 
pendent conditions — diseases  per  se — but  they  form  im- 
portant factors  in  the  production  of,  and  are  ordinary 
concomitants  of,  most  of  our  malarial  diseases." — The 
Missi*-*ippi  Valley  Medical  Monthly,  Memphis,  Tenn. 

"The  work  of  Dr.  Harley  is  the  most  complete  work 
upon  diseases  of  the  liver  now  before  the  profession.  It 
embodies  not  only  the  results  of  his  own  large  experience 
and  observations,  but  also  exhibits  the  researches  of  oth- 
ers in  the  same  class  of  diseases.  As  a  scientific  treatise 
of  hepatic  affections  and  their  treatment,  it  will  certainly 
hold  a  first  position  among  the  standard  works." — Cin- 
cinnati Medical  Ne-ws. 

"We  regard  it  as  one  of  the  most  valuable  of  the  recent 
additions  to  medical  literature." — Southern  Practitiontr, 
Nashville ,  Tenn. 


"  His  especial  point,  as  mdicated  in  the  titie,  is  to 
bring  prominently  forward  the  relations  of  physiology  to 
the  forms  of  disease.  Too  exclusive  attention,  he  thinks, 
has  been  paid  to  pathology'.  It  has  been  reg.'irded  as  a 
science  apart.  The  great  truth  has  been  overlooked  that 
the  same  fundamental  laws  regiilate  the  phenomena  both 
of  health  and  disease. 

"  With  this  as  his  guiding  principle,  he  approaches  the 
complicated  problem  of  '  liver  complaints'  and  '  bilious 
ness'  with  a  much  stronger  hand  than  his  predecessors  in 
that  field.  Afflicted  as  many  districts  of  our  country  are, 
with  many  and  puzzling  forms  of  these  maladies,  we  be- 
lieve Dr.  Harley's  volnme  will  be  a  welcome  addition  to 
many  a  library." — Philadelphia  Meidcal  and  Surgical 
Reporter. 

"  We  have  read  the  volume  before  us  with  peculiar  in- 
terest, and  it  will  be  read  especially  by  Southern  doctors, 
who,  although  they  do  not  have  a  monopoly  of  diseases 
of  the  liver,  by  reason  of  semi-tropical  malarial  climate 
encounter  a  large  proportion  of  such  diseases.  .  .  .  We 
most  heartily  commend  this  book  to  our  readers  as  a  val- 
uable addition  to  the  working  volumes  of  their  libraries  ; 
for  without  any  exception  it  is  the  most  entertaining  and 
instructive  volume  we  had  the  pleasure  of  reading  for 
many  ye.s.x%." —North  Carolina  Medical  yournal. 

"  The  author  has  succeeded  admirably  in  the  work  he 
has  undertaken,  and  has  placed  before  the  profession  a 
work  that  will  be  of  inestimable  value  to  the  practi- 
tioner."— Nashville  jFournal  of  Medicine  and  Surgery. 

"  His  chapter  on  '  Hints  to  Aid  in  the  Diagnosis  of 
Liver  Disease,'  is  one  of  the  best  in  the  book,  and  will 
amply  repay  any  one  for  its  perusal." — Indiana  Medical 
Journal. 

"  With  unusual  gratification  we  have  received  this 
most  excellent  work,  and  present  it  to  the  medical  profes- 
sion with  an  unqualified  endorsement.  We  know  of  no 
work  of  the  kind,  as  this,  based  upon  the  unvarying  rela- 
tion between  physiology  and  pathology,  the  only  avenue 
of  approach  to  the  cause  of  disease  and  proper  treat- 
ment."— Missouri  Valley  Medical  yoiirnal. 

"  Those  features  which  are  the  most  noteworthy  from 
their  novelty,  or  as  showing  individuality  in  treatment, 
are  to  be  found  in  the  chapter  on  '  The  General  Treat- 
ment of  Hepatic  Disease,'  and  in  that  on  the  '  Chemistrj' 
of  the  Excretions.'  In  the  former  the  author  takes  up 
the  most  prominent  articles  in  the  materia  medica  having 
a  reputation  in  this  class  of  diseases,  and  considers  their 
chemistry,  their  mode  of  action,  and  the  conditions  which 
seem  to  indicate  their  employment,  after  adding  brief 
cases  in  illustration." — A^'ew  York  Herald. 

"  We  commend  the  book  to  the  profession  as  eminently 
worthy  of  study,  and  one  that  should  be  in  the  library  of 
every  physician." — Southern  Medical  Record. 
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